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TITLE OF THE rNVENTIQM 



RECOMBINANT MICROBIAL FERT1LI7FR 
AND 

METHODS FOR ITS PRODUCTIOM 

10 

FIELD OF THE INVENTION 

The present invention relates to a microbial fertilizer 
that comprises a symbiotic association of several recombinant 

15 microbial species. The fertilizer is capable of fixing 
atmospheric nitrogen, and of organifying phosphate and 
potassium so that these nutrients can be utilized by plants. 
The invention pertains to the recombinant microbes, to methods 
of producing them, to the fertilizer, and to methods of 

20 producing the fertilizer. 

BACKGROUND OF THE INVENTION 

Historically, the production of foodstuffs needed to 
support the continuing increase in global population has thus 

25 far been accomplished by increasing the total acreage under 
cultivation and by augmenting crop yields through the use of 
fertilizers. The expansion of cropland, however, essentially 
ceased years ago (Gillarid, B., Endeavor 1 7:84-88 (1993)). 

The continued increase in crop yields (a 250% increase in 

30 world cereal grain yield from 1950 to 1990) has been obtained 
by expanding and improving irrigation systems, by protecting 
crops from disease, insects, and the competition of weeds, and 
by the development of new varieties of plants (Gilland, B., 
Endeavor 77:84-88 (1993), see, Bohtool, B.B. et aL, Plant Soil 

35 747:1-11 (1992)). The application of increasing amounts of 
chemical fertilizers (nitrogen, phosphorus and potassium) was 
an important factor in this "Green Revolution." 
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Nrtrogen is required in all protein anrt i, ,k 
■mportan. of a„ p,a„, nu.rienu. Ni.roTenous ,I!,T 
derived .rem a.^nia, „hioh is product ( o. n ^r 
Because chennioal nitrogen fertilizers are producrH , ' 
5 energy source, its price is sensitive .0 flue ati s T 
er>ergy prices. Ammonia is often used as , L r 
developed countries. The compo„ndTl,a«rlu: 
stored as a gas and applied to Lids underpressurL in 
Ihe world, ammonia is converted into Tea °' 
10 fertilizer. Although significant energy is reould"? / 
reaction, urea can be pelleted or powder d and tl 
.ransporled and handled more easily'than ammonia " 

;ormar^rpizr:; T.ri 

phosphate of P2o/ s „„; , ^"^ '""^ "he 

Phos hate l?m Lrge er:t he"""'"^ '° 
soluble form (e.g.. amm::rum ^hosphlT" Such " ^ 
20 requires the production, storage and henH, "'T^^'^^ 
corrosive phosphoric acid intermediates ' °' "'^'"^ 

Potassium is the Ip^^ct «x,r.^ • 

„.:••:. r;™ ~ 

0 Substantial energy is needed".rnl 

has been estlmatL that i sV o, » 
needed to produce exis ino lr . ""sumption is 

(Omand, B..%„rarizf84r 3,TTs" '^^'""'^ 
grows, the Price and =„.-,\ , . ''' ^ """"^ Population 

5 have a sign icam Imn? ' '""^ '^^'V >o 

fertilizers. Ti^aHon and °' ""™3en 

applied fertilzers cause T T' ""'""'"^ ^"^ »' 
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Such pollution will only be exacerbated by an even wider 
application of fertilizers. 

Several approaches have been taken in the hope of 
improving the economics of fertilizer use and of lessening the 
5 adverse ecological effects of fertilizers. One approach 
concerns the use of "controlled release" formulations. 
Increased crop yields can be expected if the rate of nutrient 
supply is adapted to the physiological needs of the crop (Oertli, 
J. J., Fertil. Res, 7:103-123 (1980)). By providing a season's 
10 nutritional requirements in a single application, soil 
compaction is reduced, there is less mechanical damage to 
crops, and a savings in labor can be realized. 

Premature dissolution of water-soluble fertilizers has 
been regulated by granulating the fertilizers and coating the 
15 granules with a diffusion barrier (Oertli. J.J.. Fertil. Res. 
7:103-123 (1980)). A variety of suitable coatings has been 
described. Osmocote. for example, is a co-polymer of 
dicyclopentadiene and an oil derived from soybean or linseed 
(Jung, J. et aL, In: Die Landwirtschaftliche Versuchsstation 
20 Limbergerhof (1914-1964), Herausg. Badische & Soda-Fabrik, 
Ludwigshafen, Landwirtschaftliche abt., pp. 164-1 82 (1964)). 
When the granules take up water, the fertilizer salts dissolve, 
generating a high internal hydrostatic pressure that presses 
the nutrients out of the granule. 
25 Molten sulfur has also been used as a coating material 

(Jarrell, W.M. et ai. Soil Sci. Soc. Amen J. 43602-605 (1979); 
(Jarrell. W.M. et aL, Soil ScL Soc. Amer. J. 431044-1050 
(1979)). The granules may contain a microbicide to retard 
microbial growth, and a wax or petroleum-based sealant to 
30 retard dissolution. A conditioner (i.e., kaolinite, diatomaceous 
earth, or vermicullte) is added to the final granule in order to 
prevent granule self adhesion. 

Controlled release has been accomplished by formulating 
the fertilizer with nutrients that are in the form of sparingly 
35 soluble compounds. Dissolution of the compound by the plant 
shifts the controlling equilibrium such that more of the 
compound dissolves. Metals, such as iron or magnesium have 
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release rates ,Oa.,i, j.x, ,er,„. ,es. ,03- « T L""'"''"' 

M,crobial fertilizers have been Dronn«J 
•o Chemical ,erti,l.ers (Giller K E e'TT^L"" 
in Tropical Cropping System, t^Jr-fJ \ '^"^<'°'> 

nitrates or aZon" The rL^T' T"'^""''"^ "«™9e„ i„,o 
Within the roo.ro plams T '°™ '""^'^^ ™<'ules) 
' S relationship between tt 1^,- ^ ^V-^oUo 

-..o.,a provi.es Ll'lVXe' T et' t"';.: '^^ 
provided by the olant ^R,.«r vn o ""fients 

B5...333-3L (1S^ ' u'ort^nateT^^S/f'- "^'^ 
unable to colonize cor.»i„ '''"^oi/a are essentially 

20 Plants (such as The 1^1 ^"'""""''"y '"P^^ant classes o, 
'0 proline nlL „ Tc;rer\V'"" 

nodulated legumes has 6^^! , ^ ""^ cultivation with 

.ha. cant^wiizetrZrhr"' f"'""^ "^"^ -'-^=< ' 
use in providing phlsphls t " T ^''"^P''--. and .heir 

0 (1981): Banik S oL, J . T ^"'"'""^ '36:478-486 

-A, kc. i;:: r ^ - 

Manag. rft263-269 (1994)) ' ^'^^ ^'^P®''- 

. -i r i^cets bTrec:::Lr ? • - 

^ encountered in attempting to establish 
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naturally occurring soil genera, etc. (Babu, C.R. et aL, Proc, 
Indian NaVL Sci, Acad. 659:359-366 (1993)). In addition, the 
presence and concentration of micronutrients (such as copper, 
iron, molybdenum, zinc, manganese and boron) affect the 
5 capacity of microbial fertilizers to colonize root nodules and 
mediate nitrogen fixation (Bhanavase, D.B. et aL, J. Maharashtra 
Agric. Univ. 78:167-174 (1993)). A nitrogen-fixing Azotobacter 
species has been used to provide nitrogen to rice, wheat and 
maize (Lau-Wong, M.M., Agric. Ecosys. Environ 79:145-153 
10 (1987)). The trials demonstrated a statistically significant 
effect for rice, however, no significant effect was observed for 
wheat or maize (Lau-Wong, M.M., Agric. Ecosys. Environ 79:145- 
,153 (1987)), 

In view of the importance of an alternative to the use of 
1 5 chemical fertilizers, it would be desirable to have a biological 
fertilizer which would not damage the environment, and which 
could be employed in an economically feasible manner. The 
present invention provides such a fertilizer, as well as 
methods for its use. 

20 SUMMARY OF THE INVENTION 

The present invention relates to a microbial fertilizer 
that comprises a symbiotic association of several recombinant 
microbial species. Specifically, the fertilizer contains four 
streptomyces strains and two yeast strains. The streptomyces 

25 strains include a nitrogen fixing strain, a phosphorus 
decomposer, a potassium decomposer and a coal waste 
decomposer. The yeast strains produce growth factors and. 
energy required by the streptomyces. 

In detail, the invention provides a microbial fertilizer 

30 that comprises: 

(a) nitrogen fixing bacterium; 

(b) carbon-waste decomposing bacterium; 

(c) phosphate rock decomposing bacterium; and 

(d) rock potassium decomposing bacterium; 

35 wherein the bacteria produce phosphate, potassium, and 
reduced nitrogen nutrients in amounts that augment the growth 
of plants. 



30 



35 
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The invention further cnnrt^Ll 

additionally contains ' ^^^at 

(e) a growth factor producing yeast; and 

(f) an energy producing yeast. 

5 The Invention also provides snrh ^ 

fertilizer comprises a graL.e thatXriJ:: ' 

(A) a central rock phosphate core, wherein tho 
additionally contains the phosphate ro^k T 
bacterium (c); Pnospnate rock decomposing 

0 

.ca*„„.„as,e decomposing blSJ';"' ,he oT' ''^ 

decomposing bactertum (dl. the enerov LL P°'ass,um 
S .he g,ow,H ,ac,or producing yeasr^ranT 

(C) an outer fiin, comprising bone glue and powdered laic 

.ertiii.: : Ter "be^rr" r-^'"- 
s.e,,o.,.e. ;^:cr:r;Tcc'S59';ra;'r " ^ 

' and that contains DNA of >lteato»nl f '"^^ 

carbon-waste decomposi: h^^tTulVr/rsCr"" 
jmgyangensis ol ATOO 55507 .h=. ^ Stroptomyces 
and that contains DNA U X,.rn„l T'"' -*™-«aste. 
Phosphate roc,< decompoIg^S ^ ^'TTl^^" '"^ 

and/or wherein the llTow T'""^"""' ""^P"^'*™: 
is a Potassrum decomposing bacterium (Hi 

Sacc.a.o.y,,/<,^JJr^;;^P™--h^^ yeas, (e, ,s 

producing yeast in is <?=^,* *s Shergy 

55597. Saccharomyces sinenses Yue o( ATCC 

55597"" 'atmzer, ATCC 
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The invention also concerns the Streptomyces 
jingyangensis bacterium of ATCC 55597 that fixes nitrogen, 
and that contains DNA of Alcaligenes faecalis, the 
Streptomyces jingyangensis bacterium of ATCC 55597 that 
5 decomposes carbon-waste, and that contains DNA from 
Polyangium cellulosum, the Streptomyces jingyangensis 
bacterium of ATCC 55597 that decomposes phosphate rock, and 
that contains DNA from Bacillus megaterium phosphaticum, the 
Streptomyces jingyangensis bacterium of ATCC 55597 that 
1 0 decomposes rock potassium, and that contains DNA from 
Bacillus mucilagenosus var. Krassilnikov, the growth factor 
producing yeast, Saccharomyces diastaticus, of ATCC 55597, 
and the energy producing yeast, Saccharomyces sinenses Yue, of 
ATCC 55597. 

15 The invention particularly concerns such microbial 

fertilizers, wherein the central rock phosphate core is 
manufactured by the steps: 

(1) grinding rock phosphate to about 200 mesh; 

(2) combining the ground rock phosphate with wheat bran 
20 fermented by the growth factor producing yeast, and with the 

rock phosphate decomposing bacterium to form a mixture of 
ground rock phosphate, the fermented bran, the growth factor 
producing yeast, and the rock phosphate decomposing 
bacterium; 

25 (3) drying the mixture of step (2) and forming the dried 

mixture into granules; 

and wherein the intermediate layer is manufactured by the 
steps: 

(1') grinding weathered coal or coal-mine waste to about 

30 200 mesh; 

(2') combining the ground weathered coal or coal-waste 
with wheat bran fermented by the energy producing yeast, and 
with the nitrogen fixing bacterium, the carbon-waste 
decomposing bacterium, and the potassium rock decomposing 

35 bacterium to form a mixture of ground rock phosphate, 
fermented bran, the energy producing yeast, the nitrogen fixing 
bacterium, the carbon-waste decomposing bacterium, and the 
potassium rock decomposing bacterium; 
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(3') drying the mixture of steo ^2'^ anH » • 

and wherem the outer film is manufaclureri h 
aqueous solution of bone giue an pot ^c. tate^r ,1" 
5 surface o, tf,e intermediate iayer formed in 2' '"^ 

ine invention provides a mpthnH r.* ^ ^ ^ 

a„ growing plants. fspeciaTy L rr^rr"' ^'^'^ 
and other grass crops. ' ^^9^^^^'^^. fruits. 

^fiJgg-BigCBlEIIQNOF THE FinilDPc 

Figure 3 is a schematic representatinn nf fk 

15 steps of the oreferrpH nr«>,« x '''^^^"^^"on of the process 

K um prererred process for producina tho ti d • . 
fertilizer K'^uucmg me TLB microbial 

-ar::u:^:r,^'2:frr,rr.r;^^ 

fertilizer. microbial 
I. Overview of the TLB Fertilizer 

greatly to human u»ri h=i„ u ^ contributed 

However, proTonneT us 'of ' T"'"'"^ 

aefeterious'siderotrLc;' ;r"::::ot;:r of"^ rr-"^ 

hardening of soil, pollution of «ater and IT » h'!, 

P.an. c,ua,i.>, thereby oausin, harm t^ human heat "'"'^"^ 

- o;x' re:::;:: nruirtr 

-=I rr matnalst^V ~ 

replace chemioar ,ert~ cJZT ' 

1937 and Obtained some succe:s ,or rmpr' 

Wheat With nitrogen.„xi„, bacteria, 'l ^ Ttr;:? 
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grams of that bacterial agent needed to be used per one mu 
(666 m2) of land. Thus, the bacteria was usable only as a 
supplemental fertilizer. At best it replaced only a small 
quantity of chemical fertilizer and thus cannot overcome or 
5 reverse the damage caused by chemical fertilizers. 

The present invention arises from the construction of 
several recombinant bacterial strains, that are capable of fixing 
nitrogen, decomposing rock phosphate and decomposing 
potassium. In a highly preferred embodiment, these bacterial 

1 0 strains are used in a microbial fertilizer, termed "TLB." The 
fertilizer is a complete fertilizer, and is composed of multiple 
microbial strains that function in a complex symbiotic 
relationship with one another. 

The fertilizers of the present invention may be used to 

1 5 augment the growth of a wide variety of plants. As used 
herein, a fertilizer "augments" plant growth if its presence in 
the soil, or applied to the roots or leaves of the plants 
increases the viability, size, or rate of growth of the plant. 
The fertilizers of the present invention may be used to augment 

20 crop yield of any growing crops such as cereal crops, fruit 
crops, vegetable crops, and grass crops (such crops include, but 
are not limited to wheat, barley, soybean, rice, oat, apple, 
tomato, orange, cherry, melon, lettuce, potato, carrot, corn, 
fescues, tobacco, cotton, etc.). 

25 In the most preferred embodiment, the microbial strains 

are Incorporated into a unique multi-layered granule (the TLB 
fertilizer) which fosters the symbiotic relationship and 
provides high N-P-K values — equivalent to at least 46% N, 30% 
P2O5 and 20% K2O from conventional inorganic fertilizers — to 

30 crops and other plants. Importantly, the provided nutrients do 
not leach out, run off, or volatilize. Thus, one application can 
be used to provide all the nutrition needed for an entire 
growing season for most crops. The TLB fertilizer and methods 
for its manufacture are described in CN patent applications: 

35 93109229.9; 93109230.2; 93109231.0 and 93114110.9, all 
herein incorporated by reference. 

In its most preferred embodiment, the microbes of the 
TLB fertilizer comprise six microbial strains: 
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(1) a nitrogen-fixing strain; 

(2) a phosphate decomposing strain- 

(3) a potassium decomposing strain; 
^ (4) a carbon decomposer 

(5) a growth-factor producing yeast strain; and 

(6) an energy producing yeast strain 
The nitrogen fixing strain and the oho^snh^* 

and. carbon decomposing strains .rp ' 
recombinant strains which hav Teen • "'"'^^"^'y 
1 0 increased activity Thl n,,' 1 ^"9'"^^^^^ to exhibit 

^uviiy. ine microbes of the Ti r f^.*;r 
a symbiotic community of six dif a! k 
in.erdependent mior*es. Five of .heerprd. T 

IS n.d.. jT; :rrr 

and potassium-decomposers, along with ,."1??" 
decomposing t>acterium, provide the Dhnlh7 
the carbon nutrients needed br,hf T ' and 
The pf,ospl,orus. and DMas.!L h ""^S^"*^' "aoterium. 
-0 Phosphorus and Pota:slm' tS'tTe'r? T"' '"^ 
and receive in return their carZ rl '''''=°™P<'ser 

«^-e engineered organtrc^n ^o^ ^ Xno """^ °' 

metabolic pathway and thus csn„r ^ accelerated 

symbiotic community. The fiHh T, b s ""' 
25 growth factor lor the niLaln h " ' P^^^^g 
decomposer bactenr The si^. f"''?™"' ^"^ 
(ATP) deficit incurred in t;\i,ret"!'''''"^ '"^'^ 
decomposition processes. "'""Sen-f.xmg process and 

compjrprrr Tnlrt ^ "'^^'V 
and Phosphate, Pot^siut a rca^VroC 

- ^oTatefr-carT f^^^^ 

p-ema have 
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Soil is a compjex culture medium, and the biological 
properties of microorganisms living there must accord with 
that environment. As is known, microorganisms in their 
natural environment often live in complex interactive systems 
5 composed of many species. No matter hovy many factors are 
taken into account in preparing artificial culture media, the 
result still falls far short of duplicating the environment found 
in the wild. As will be appreciated, artificial culture media 
must be used to isolate and culture the wild-type isolates. 

10 Such media differs, however, in composition from that of the 
soil, and thus introduces a selective pressure for bacteria that 
are better able to survive on laboratory medium. The 
consequence of such selective pressure is the fact that 
bacteria isolated on laboratory medium may be less capable of 

1 5 establishing itself when transplanted back into a natural 
environment. The problem of induced variation thus represents 
a serious obstacle to the genetic manipulation of free-living, 
wild-type isolates. 

A second difficulty encountered in modifying natural 

20 isolates pertains to the uncharacterized nature of the genetic 
apparatus within such microbes. For example, conventional 
vectors may be incapable of replicating in the natural isolate. 
Similarly, the isolate may have one or more restriction 
endpnucleases that may operate to degrade any introduced DNA. 

25 One aspect of the present invention concerns the use of 

electromagnetic (EM) irradiation to suppress replication of 
Lindesired variants of the natural isolates. The presence of an 
electromagnetic field stimulates the proliferation of some 
bacteria while repressing that of others. The molecular 

30 mechanism responsible for such an effect is not well 
understood (Anderstam, B. et ai, Hereditas 95:11-32 (1983)), 
but is not needed for the practice of the present invention. The 
rationale of the method lies in the fact that microorganisms 
placed in an electromagnetic field respond to changes in 

35 frequency and field potential; changes in these variables 
significantly affect microbial metabolism. An analogy is found 
in the differential responses of photomicrobes to various 
frequencies in the visible light spectrum. For example, 
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(Hereditas 98:11-32 (iQRriu u ^ '^naerstam. B. et al. 

Applicalton Serial No. 94103474 7/ , I, „, . ^^^^ 
a. herein Incorpo.a.eC by reference uts o, EM 
'0 and sterilize bacteria are also discussed bj """'^"'^'^ 
Patent 5,288.471); Goodrich, RP et « ' ,PCT p 

. ™7.,. ar,d,es. ... ,H„r:erp::r;pS:: 

- P-*; ~ rTaroartr 'Z r"'' ~ 

eliminating, naturally occurrTno k '•'an 

*a. are present in 'a na rsourcT Tn ItH'^"^ ''^"-'^> 
'nathods o, the present inven "n '1'"°"""^' ""h 
preferably a ,ic,uid. is introduced into a IIT: 
20 bounded by immersed electrodes 7 , chamber thai is 
Chamber is shown in R^T' lb T '"'"^'^ °' = 
source of EM field (11 ^ '» "9"'^ 1, a 

immersed in a Tambi 2, Z. 'o electrodes (3, ,ha, ;re 
microbial mixture ■^\~"^ and 
25 embodiment, the ohanl «, ^aveT""' ^ 

(5. 6) at different positions^ the cb k """^ ''^"^^ 
Will also preferab,; contain 1 ow tte If , ""^^ 
to the electrodes (3) i„ ,h„ "°" H) located external 
EM field source 1 ' is tunable '""'°*"'en,, the 

'0 frequency may be obtained "^'"^ »' «''-ant 

The isolation chamber Is made frr,„ . 
mm diameter glass tube The «r».r!, ' ' ^"^""O'^- 10-30 
a-lver. or gold-plated metl ^I." "e either copper or 
source commonly us ™Tn Je ^ ^'S-al 

5 Having a wavelength Ige T01' ^"1T ~"""""'",i„ns, 
'erminal is connected Tthe two elZ . ^"^^ ""'P"' 

chamber by ,w„ coaxial caWes °' '^o'""" 



wo 95/04814 



PCT/US94/08846 



- 13 - 

The EM field created by the source (1) is a high frequency 
electromagnetic field induced by alternating voltage potentials. 
The source will be capable of inducing an EM field of 
wavelenths from 0.1 ^im to 1.0 mm (corresponding to 
5 frequencies of 10 MHz to 1 kHz). In a preferred embodiment, 
the source (1) can be set to create wave amplitudes of from 
-0.5 V to 3.6 V. 

In order to isolate a pure culture of a desired bacterium 
from a naural source, one fills the isolation chamber with a 

1 0 soil solution (soil filtrate) containing the microorganism to be 
isolated then insert a stopper to seal the chamber. The signal 
generator is turned on and the frequency and voltage are 
. adjusted as required for the particular isolation procedure. The 
timer is adjusted for the time required by the particular 

1 5 isolation procedure. At the end of the required time, the field 
is left turned on. and the flow valves are closed tightly. The 
drain is opened and the desired microorganism is collected. 
Two or three repetitions of these steps will produce very pure 
cultures of the desired microorganisms. 

20 For example, as described below, subjecting a naturally 

occuring mixture of bacteria that contains an Alcaligenes 
species to a field having a wavelenth of 40-100 ^im and a peak 
EMF of 20-80 mV for 2-10 hours will selectively enrich for 
that Alcaligenes species. In a similar fashion, microbes that 

25 can decompose carbon waste can be isolated from natural 
sources using a field having a wavelenth of 1 60-230 \im and a 
peak EMF of 10-60 mV for 2-24 hours. Organisms that can 
decompose rock phosphate can be isolated using a field having a 
wavelenth of 10-60 ^im and a peak EMF of 10-30 mV for 2-16 

30 hours. Organisms that can decompose potassium rock can be 
isolated using a field having a wavelenth of 3-20 |am and a peak 
EMF of 21-110 mV for 2-24 hours. By routine manipulation of 
the field parameters, the isolation of any bacterium from a 
natural source or from a mixture of contaminants can be 

35 accomplished. 

After such enrichment, the desired species may then be 
recovered from the chamber by manipulating the relevant flow 
control (4) and drain valves (5, 6) of the apparatus. 
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A multi-chambered apparatus may be used , •.• 

5 EM field (7) ,3 connected ,o common eleoS ,13, l;?'' °' 
of a plurality of variable electrodes (9, 2 ' T 
electrodes are immersed in a Tam'er L, ^" 
culture medium and microbial mixture hi, is o h "' '"^ 
-n a preferred embodiment, tbe chamber til Hl tnr""* 
'0 dram valves (12) a, diflerenl positions in the .h i ""^ 
The chamber will also preferablv , 

^ .e -jeld sourciris Lrtsr.^^^^^^^ 

-hets;rrp:o::\rtoT:pi^^^^^^ 

organisms. This technique was based on iZ T ""^"'^^ 
0/ microorganisms in response to EM rataT'' '^^''^ 
particular organisms prosper under the inf.. 
> EM fields and are suDnrn^Tn f ^"'^ Particular 
parameters. ^he prml' the""" . " 

microorganisms in a culture m»M, isolation of 

ee.l in which they live t ,hT: : 'oroT' 
exhibit no variation from those inle wi°d~^ " 

All Of the microbial strains used in ti n 
under specific EM field Parameters ^h methort , 
accurate. More importantly "It allowt ^"^ 
inducing variations from the onlina, h ""^ 
strains, aince culture ledia hX T^Z'"^ 
as the wild environment can be used Tn M» T °°"""^>»'>" 

rpor:!--^r:e':a-r"^^^^^^^^ 

-ntid^ redo. pote„tiai:r al^Xe^":, ^ t'r"' 

.He se!::Tzr iir ''^^ - 

(i-e. .he introductl o"Tn; 

'-diation accompiishedi'::c,:;u:r:rDr'-M .h"" 

ana apparati for accompfishin, 'such°"e,rct™po;a,ir: J 



wo 95/04«14 



PCT/US94/08846 



- 15 - 

described in CN patent applications 94103368.6 and 
94103474.7. both herein incorporated by reference. 
Electroporation has proved to be an effective method of 
transferring DNA to a wide range of bacterial species (Trevors, 
5 JT. et aL, Meth. Molec. Cell Biol 2:247-253 (1991); Chang, D.C. 
et ai, In: Guide to Electroporation and Electrofusion, Academic 
Press, San Diego, (1992); Lin, L.S. et al., BiotechnoL Tech. 
7:823-826 (1993); all herein incorporated by reference). 

The use of EM to facilitate the introduction of DNA into a 

1 0 recipient strain has the substantial advantage that the DNA 
may be incorporated into a bacteriophage ("phage") vector 
(such as the bacteriophage lambda). It is generally asserted in 
the art that a bacteriophage is "specific" to its own host 
bacterium, and thus that a particular bacteriophage will only be 

1 5 able to infect its own host bacterium and reproduce by 
replication. Thus, for example, conventional recombinant 
methods would not allow the use of bacteriophage lambda to 
Introduce DNA into a Streptomyces. In contrast, the use of EM 
permits the use of phage vectors in which neither the donor nor 

20 recipient of the transferred DNA is the natural host for the 
phage. The use of EM causes the bacteriophage to become 
capable of non-specific penetration into non-native host 
bacteria. 

The first step in such a recombinational process is to 
25 select the DNA donor strain. The donor strain is then cultured 
and overexpressed in an appropriate liquid medium under EM 
radiation. When the bacteria count in the liquid medium 
reaches a certain minimum, the EM field parameters are 
changed to a condition which promotes rapid infection of the 
30 donor cells by preconditioned phages. A further change in field 
parameters stimulates accelerated replication of phage in the 
donor cells leading to cell lysis and yielding a bacteria-free 
phage lysate. The second step is the selection of a recipient 
strain. The recipient bacteria are then grown in liquid medium 
35 in a controlled EM field. When, the cell titer reaches a desired 
level, the prepared phage solution Is added, and the EM field 
parameters are changed to promote the phage infection of the 
recipient cells. 
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Since ,ho componen s and ■ o! 
CiHeren, microorganism d .le Th r ^ """"" °' 
5 ■ e.ec,ronega.ivi,ies. Each strain has a 'rl 17 

anc reproduce in i,s preferred EM fleldrZ've ;":L ° T" 
can be suppressed bv PYnno,r,« *u ^""verseiy, each strain 

This Phenr:e„on'pi:~is' ,ar o7p:r, 

electromagnetically. Particular species 

B. The Component Strains of the TLB Fertilizer 
As indicated, the TLB microbial fertilizer mm • 
bacterial strains whose genetic makeups aTbeen T'n 
recombinant DNA technique > a nitrogen le a 1 . ' ' 
decomposer, a potassium decomposer and 
15 decomposes carbon The ororpcc ^ 

incudes Phage -amb J^^^ strains 
•nfection of the recipient cells by the bact.r o k °' 
the donor DNA. and integration of the r.^n k ^ "^^^^"9 
recipient cell's genome All nh ^^A Into the 

^0 acomplished undl Tinfluel trntrolrEM^^ 

specific intensity and frequency. ''^^^'^"^^ radiation of 

A central feature of the TIR f«arf!ii, 
a.™spher,c dini.rogen ^ ^.^'^Z::;^'^;" °' 
bactenum. The expression of ihis ability i„ Te ' R . 
25 community is enhanced by the assisZ. , ! 

mrcroorganisms, Al> the func ions : ' te ^lb ' ^ '"^ """^ 
"xation. p., K-. and C-decomposiBon - hJo h ~ 
inleraction of the six microo~m7 Z 
can be described as follows: '"terdependency . 

The carbon nutrient required bv th« m. ,• 
TLB is provided by the C decom^o ^s „Z 
complex organic compounds in coal shl ^ 
simple compounds such as suoars^i. k ' ° ' 
The N2.|ixers obtain .h^ir n'ecessa v "'^'"'^ 

=X» T= =" "~ 
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required by the Na-fixers is provided by the K-decomposers 
which activate the potassium present in soil adjacent to the 
TLB granule. 

The phosphorus decomposer bacterium needs nitrogen, 
which is supplied by the N2-fixer. Its carbon requirement is 
supplied by the C-decomposers, which break the high molecular 
weight compounds in this material down into simple 
carbohydrates. Similarly, the P-decomposer's potassium 
requirement is provided by the K-decomposer bacteria. 

The potassium decomposer's carbon needs are provided by 
the C-decomposers and its phosphorus requirement is satisfied 
by the by the P-decomposer. 

In a similar manner, the potassium, phosphorus, and 
nitrogen needs of the carbon decomposer are satisfied by the K- 
decomposer, P-decomposer, and the N2-fixer. 

In sum, within the TLB fertilizer, all four strains live in a 
closed symbiotic community in which their metabolisms are 
closely interdependent. 

Two yeast strains are used to enhance the output of the 
engineered bacteria. Besides carbon, hydrogen, phosphorus, 
potassium, sulfur, and various trace elements, a certain amount 
of growth factors, such as vitamin B complex, etc., is 
important for optimal bacterial growth. Thus, yeasts are 
incorporated into TLB in order to provide these factors. The 
N2-fixing process requires large amounts of ATP; the amount of 
ATP naturally present is not enough to fuel biological N2- 
fixatlon. Thus, in the most preferred embodiment, a yeast 
fermentation technique is used to compensate for any large 
energy deficit. During fermentation, in the respiratory process 
CH3COCOOH is formed. The miechanism is 

Hydrolysis 

(C6Hio05)n + nH20 > nCeHiaOe 



Decomposition, Dehydrogenation 
C6 Hi 2 06 ■ » CH3OCOOH + 4(H) 
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oy tne P-decomposers, form ATP Th.v 
stores the energy released in tho "^^is compound 

All ^ *u respiration cycle 

s .™:aL\:: zz — r;'-:,: - - 

the terms of the Budapest Tril "'^^ '"^^^ ""^^^ 

The deposited TLB t ^zer Tr ^^P^'*- 
10 accorded ATCC .oo.:::ZrZ.:^ ^'"^^'^ - 

1. The Nitrogen Fixing Microorganism 

Hundreds of species of more than 7n ^ 
found ,0 possess nitrogen-fMng ab;, y a„d .a„r:: , k"" 
been studied. Few howpv^r k= u ^ ^ have 

' 5 be suitable ,o. p.*:::::' X r , "> 

found ,ha, N2-,ixer strains S.ed labT T''' 
media show a fair niir„„. . laboratory culture 

condi«ons but show Lc essT"' ^ 

variations caused bT th iso^tio'n '^'"^ ™« 

20 contribute to the loss of n itr ?■ P™"""''^ undoubtedly 

strains. PHor resea^hr h^ ~d^: t''/^ '"^ 
mimicking the growth conditions of the wild o 
no matter how subtly deslon J ,hl !■, »'>«^^^'. 
reproduce natural condi ions " 
« described above overcon,r.his proper ^ 

envirol^rr Its.^t^rVe"^^^^^ 

-^^rbaTirSi: ~ ^ 

30 and good enyironhienta, Z^^^Tl^^^tVT 

fixer qene ^n/A r^r^r,^ ^ > 5>eieciea as the Np- 

^ocause^f ir::oradt.rt:i,tr ^LTot^"' ,~ 

aa :=rinno~r - 

-es. are couple, 07:^^^:- 
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However, an understanding of the underlying mechanism is not 
needed to practice the invention. 

The preferred nitrogen fixing bacterium (GN02) is a 
genetically modified recombinant strain of Streptomyces 
5 jingyangensis. The bacterium was modified to contain the 
nifHDK nitrogen fixiation genes of an Alcaligenes faecalis 
strain that was isolated from the soil of Big Ha Farm near 
Qiqihaer City, Heilongjiang Province, PRC. In lieu of these 
strains, other suitable nitrogen-fixing strains can be used as 

10 either the donor or recipierit of a nitrogen-fixation gene. 

The Alcaligenes faecalis strain from which the preferred 
nitrogen-fixing gene was derived is normally found in soils of 
pH 5.5 to 8.5, but live optimally at soil pH 6.8-7.2. Three 
noteworthy features distinguish it from the other common 

1 5 free-living N-fixers: it tolerates a wide range of soil types, it 
tolerates a broad pH range with its strongest N-fixing 
efficiency at pH 6.8-7.2, and, perversely, when grown by the 
usual culture methods. It shows no N-fixing ability. The 
Alcaligenes faecalis strain is a free-living nitrifier, has a 

20 strong N2-fixing ability, and has good adaptability relative to 
other reported free-living strains. 

Preferably, EM irradiation is employed to produce the 
desired nitrogen fixing bacterium. The use of EM permits the 
cloning of a gene in a bacteriophage vector such as a lambda 

25 vector, and its subsequent introduction into a strain such as 
Streptomyces jingyangensis that is not a natural host for the 
bacteriophage. 

2. The Carbon Decomposing Microorganism . 

The GN02 strain fixes atmospheric nitrogen by its 
.30 metabolic activity, the efficiency of which is determined by 
various factors, chief among which is nutrition. Of the 
required nutrients, the most important is carbon. The TLB 
method provides for a supply of carbon to assure the normal 
metabolism of GN02 and the other symbiotic bacteria of the 
35 TLB fertilizer. 

The most effective carbon sources for supporting the 
nitrogen fixing activity of GN02 are glucose, saccharose, or 
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soluble starch. These carbon so'urces are tor. 
-enable in ,00 limited a supply ,0 " ^ In""'" 
production. Thus it ic nr.* . agricultural 

<e.li.er a J^Z^Z^'Zt ^pXHr'; 
5 abundant and cheaper carbon our ef 1 ' 

compounds that can be asel.„a.ed bythVoNofsS °' "'"^^ 

In particular, coal mine waste w.Jih T 
containing shale, pea,, and sinia LsT o 
products or petroleum residues are , hp f ">'- 
1 0 purees o, the present invention TheTe Iterilf 

and inexpens^e. Indeed, coal mi waTL -.reT, 
product, and hence, in one embodiment, e resin ' 
can be used to allsvlaio th» present invention 

coal mine waste. ""^^ environmental effects of 

'5 II is usually thought that the weatharinn r., 

"aste is caused by the action of wind and rl? m °' 
however, is the effect of ib» , ! ?. 'mportanf, 
species Of microoInTsms ''1""""°"' of several 

In weathered coal and wasfe a^?'"" 
^0 aicohois, and organic airby h^rerol'" ^'T'^ 

Here too. these organisms in he , Jd starare'' • 
to be used directly in TLB (»r.ii, u =""eWe 
• level is low and they hite IT ««l«'y 
requirements. A natural oc^ ' environmental 
capable of such delCos t on Ta's leTer"'^^ 
modified by recombinant mean^ to I h 
"aste decomposing strain """^ ' cal- 

30 high molecular weight compounds " wlthere/coT '"^ 
waste to simple carbohydrates ^...T ^' 
disaccharose, etc produln T ^ "exose, 
and alcoho.; n't 'pZs^ -^.amount of organic acids 

distributed in weafhered^'ri^d wtt ""o.:: 7^'^ 
35 may be equivalently employed ^^''^'"s 

.0 dectre '::rar cotit::: r - 

.".ormatlon is not needed in order .0 .animate r'st^t 
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DNA can be obtained from the strain by EM-induced 
electroporation with phage lambda, and by the subsequent lysis 
of the strain. The DNA may then be used to transform a 
recipient bacteria and the transformants may be screened to 
5 identify clones that are capable of decomposing coal waste. A 
preferred recipient of such DNA is Streptomyces jingyangensis, 
although other strains may be equivalently employed. 

3. The Phosphorus Decomposing 
Microorganism 

1 0 The GNo2 bacterium requires a certain amount of 

phosphorus to fix nitrogen. The preferred source of phosphorus 
for this purpose is water-soluble phosphates, such as common 
laboratory salts. Such phosphate sources may be employed in 
accordance with the present invention. However, because such 

1 5 phosphates are quite expensive and in limited supply, it is 
preferred to employ lower cost phosphate sources in the 
fertilizer of the present invention. 

Because the free sulfuric acid in calcium superphosphate 
was toxic to the microorganisms, this compound was also not 

20 suitable for use in the fertilizer. Diammonium phosphate and 
ammonium dihydrogen phosphate were found to contain a large 
number of quick-acting NH4+ groups which adversely affected 
nitrogen-fixing efficiency. 

The most preferred phosphorus source material for use in 

25 the fertilizers of the present invention is ground phosphate 
rock. Phosphate rock is cheap and widely available. 
Unfortunately, the phosphorus in phosphate rock is 
immobilized, mainly as Caio(P04)6-(OH)2, Cai o(P04)6-F2, 
Caio(P04)6-Cl2 and Ca3(P04)6. Since these phosphates are not 

30 water soluble, they must be decomposed into a soluble 
phosphate form in order to be taken up by the GN02 bacteria. 

This problem of solubilizing the phosphate of phosphorus 
rock is most preferably solved by incorporating a phosphorus- 
decomposer bacterium into the fertilizer. The phosphorus 

35 decomposer is able to convert the immobilized P to available 
water-soluble forms. A number of P-decomposer species have 
been discovered, but none in its wild state possesses the 
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soil conditions. The LJZZ Z ^ 

^ ^ac.e,i™ is ,0 j; rir/oX 

I'ngyangensis with DNA obtainert w *"^ep/omyces 

Obtained ,™m "eathere/phoCtToc, t^V'^ ""^^^^ 
sources. ' ^"^^"^ ot^ier similar 

T,*?® Potassium Decomposing 
Microorganism 

The GN02 N-fixer bacterium also requires not. • 
sustain its metabolism. Most preferir 
provided from water-so.uble p^aslium a 3 , ^r^"" " 
15 be present in the soil samp'e tha receivl" the"f 

some cases, however, the soil supply oTiucrsa tT T • 
and does not Drovlds iho i„„ . ^^Its is limited 

fixer bacteriur Thus n r ' '"^ 

^0 from weathered potassium r^ok VlT'"''" 

embodiment, the K-d6oom„„/ Preferred 
formed by t anston^lnp Zoto " " '""■""'"an. bacterium 

m"c/,a^en.s.s var. Krassiinrv 'T'- T"' ^"'"^ 
5 however, alternatively be 

employed strains can, 

5. The Yeast Growth Factor Producer 

'n following their metabolic pathwavs th. , 
microorganisms of the fertilizers of th! ^'^^^''^"^ 
(GN02 fthe N2-fixerI PFnp Hp p h invention 
> clecomposerj. and MFop ^h. . ^"^^'^'"^Po^erJ. KF02 [the K- 

-ior nutrieL su? starb^^: b^^^^^^^^^^ 
growth factors such as Lw 1' '° ^'"^""^s 

and also certain tie 311^';' "'^°»'"-'^'de. etc.. 

are provided i^n Z ,e~ ,^1'''^^'''''' ^"^^ 
incorporating a arowth I ! P'^^^"* invention by 

fertiliser. Z tLb To mo' 7 '7'"'"' """'^ '"^^ 

•LB. the most preferred embodiment of the 
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invention, such growth factors are supplied by the metabolic 
activity of an artificially enhanced yeast included in the TLB 
microbial community. In the most preferred embodiment, the 
yeast will be a Saccharomyces diastaticus strain. 

6. The Yeast Energy Producer 

The TLB nitrogen-fixing process, which is an N-reduction 
process, requires energy. ATP functions in bacterial cells to 
balance exergonic and endergonic reactions. Thus, the oxidation 
of a high-energy molecule frees energy, a part of which is used 
to phosphorylate ADP or. AMP and to thereby produce ATP. In 
this process, the chemical energy of certain compounds is 
stored In the high-energy phosphatic bond of ATP - from free 
energy to ATP. The process can be visualized as: 

Carbohydrate free energy + ADP + Pi -^-^_>_> ATP 

When the cell requires free energy, ATP can be hydrolyzed to 
ADP and Pi to generate a large amount of energy. ATP acts as 
the energy carrier. Both the energy release of ATP and the 
generation of ATP result from the phosphorylation process 
from high-energy to low-energy reactions. In TLB the 
mechanism is as follows: 

1 . * Pyruvic acid reacts with phosphate ion to generate acetyl 
phosphate, protons, and C02: 

CH3CO-COOH + Pi CHP3-CO--Pi + 2(H+) + GO2 

2. Acetyl phosphate and ADP undergo phosphorylation to 
form ATP: 

CH3-CO~PI + ADP ATP + CHs-COOH 

3. The protons thus produced reduce oxidative ferrodoxin to 
a reductive ferrodoxin: 



Fdox + n(H+) Fdred 
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4. NItrogenase activates gaseous nitrogen (Np) to form ,h 
complex nitrogenase and nitrogen which is th.n . w 1 ^ 
reductive ferrodoxin: '^"^"^^^ the 

Pdred + Nase + N2 N2-Nasered + Fdox 
5 5. This reduced complex then accepts the atp n 
step 2 and existing ATP ,o Prod„ce 11^ C 
repeals steps 1 through 5, constituting one cycle. 

N2 Nasered + nATP NH3 + nAOP + nPi 

It Is seen from this chemical pathwau thai ih. 
10 o, ATP is an importan, factor in AHh' k °" 

process has been noted in several recent sll^ ^l"'' 
N2 fixation, llttle effort has been made "o tse , °?'?f 
makes its atp irr.^ ' Rnizobium 

Photo ylerha Z-a'l^^T'r; °' '^r"'"""^ 
15 .he main reasons th:t Tr.iM;' 'ZTLT'^ 
fixing ability is the low level of ATP oenLf I 
Since the new genetically engileeLd 2,^^ 
higher N-fixing ability, .Hey re^l e more ATP ' Th''' 
of ATP is controlled h,, iL „ ^""^ Production 

20 available phosplale 'prlr. TyThe^'p al"' '""'^ ^"^ 
02 partial pressure The TLB » J.^ ''-^'^"'"Posers and by the 

•he lermentation ml^m "'^"^ '"^ 

concentration Thr com^^ Py'^^ta-^^ic- 
constitutes the respLa^ry Zx "forThetr '^'""'^ 
25 products of the microoTganrsms' resoira^r! ™^ 
.he available phosphate generaTed ZT lZZ^'^""'"' 
it possible to synthesize ATP by oxWat 1 oh„ hT'^'" 

3„ =rseirthrgr;~^^^ 
'° :rcLrrzir-Tr ^^^^^ 

purpose is Sacc.a.o.~~e.''"'""'' 
7. Provision of Trace Elements 

35 trace litems c^S'':'""''"'^"'^ 

ments calcum, magnesmm. sulfur, boron, manganese. 
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zinc, molybdenum, iron, copper, sodium, and silicon. 
Commercially available reagents containing these elements 
may be used to supply these elements. More preferably, crude 
magnesium sulfate (content 70% > MgS04 7H20 > 40%) and crude 
5 sodium sulfate (content 70% > Na2S04 > 40%) may be employed. 
Such crude compositions contain almost all of these trace 
elements and satisfy the requirements of the TLB 
microorganisms. These materials are therefore preferably 
Included in the TLB matrix during manufacture. 

10 II. The Preferred Fertilizer Formulation 

The microbial strains of the present invention may be 
employed singly, or in combination. When used in combination, 
the microbes will most preferably be incorporated into a highly 
organized granule, termed "TLB". The TLB granule has three 

1 5 components. It is composed of a central granule surrounded by 
an intermdiate layer, which, in turn is enclosed by an outer 
film or coating. The central granule contains rock phosphorus 
and the P-decomposing strain. The intermediate layer 
comprises all of the remaining microbial strains. The 

20 intermediate layer is coated with an external film that serves 
to adsorb much of the oxygen in the air passing into the granule. 
The external film serves to limit the diffusion of oxygen into 
the granule, to protect the nitrogen fixing microorganism from 
damage caused by oxygen, to protect the structural integrity of 

25 the inner layers, and to create a closed metabolic environment. 
The TLB fertilizer appears as small spherical granules 
(approximately 2-4 mm in diameter). 

A- The Structure of the TLB Fertilizer 

The TLB fertilizer serves several functions. First, it 
30 serves as a vehicle for applying the microorganisms to crops 
and plants. Second, it provides a means for delivering 
phosphorus, carbon, and potassium to the soil. 

All the six microorganisms in TLB require phosphorus for 
their respiratory metabolism. However, phosphorus salts are 
35 highly labile and react quickly with various cations in soil to 
form water-insoluble compounds. In practice, the effective 
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uptake ratio for chemical phoJphate ferfilir.r^ • 
to 25 percent and can someLes be ess t n To^^ T'"' 
mainly because ohosDhatP.. o ■! " ^"^'^ ^^^^urs 

Calcium, magnesiuni Ton and 7 ' '""^""'^^^ 
5 react with phos hat'e Tons o f " 

scubiiit, and rs".::! et^,::s""" e " ^^^^^ 

contact between phosphate ions and thL ""^'^^ 
thus of maior importance in delnTno H i "T"" '^'''^ '"^ 
granule, in the TLB fJn- ^"'"^ structure of the TLB 

■n a layer of coal waste or wealherVd cl, h T " 

.he Phosphors supply ,ph„spC;l 1 ;'e"pto' T"' 

decomposer bacteria, tron, comae, wlth .ZTj'^"^'' 

reacily used by L iar J.T "'''^'^ 
Piants. P,a„. rLlelt: p^^rtbTrS !: '~ 
Obtain the released P nutrient directly Tbis ZjT." 
nim,mtees the immobilization ol the nhl I ! 
' cations and thereby greatly imlr„„ "^""""^'^ by soil 

-10 in TLB. Test ?^.uno:r:pTa.ras?r ""'"^ 
TLB. "PtaKe as high as 85-90% in 

«xat,oI'-";ifri::;;:f'X^"- 'ies in bioiogica, N- 

"Xing ability i„ .he prerJLe' cCn^ td^ tt' 

irreversible. Rhizobium h^c /yy^"- ^nd the process is 

precisely because i ta^ a" T'"" '° 

Thus, i, is mos, desirable .0 elrd! ""'a^"' 

fn order to maintain the 'h^ fertilirer 

However, ,he other LZTt^ °' 

facultatively aerobir »nH r« • are aerobic or 

This ProbiL . most pr Zallr T 
.he .enillzer both a bioCf lth; ic^J ZTT' 
presence. In manufacture. TLB is IhZZ , 
-eps: ,„ creation o, the ph»pbllTc:J°r::j 
- Phosphate rock in an intennediate laye made o, ' 
organic compound (weathered r^>, 7. °' ^ ^P'oial 

ooating the interm ~yer^r a T'"'^' "'^'^ ^"^ 

'ayer with a film membrane of about 
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100 thick. When air passes through the outer film to 
participate in the N2-fixation process, some of the oxygen is 
adsorbed onto the film by redox reaction. The amount of oxygen 
penetrating into the granule is thus considerably reduced. This 
5 restriction, plus the use of oxygen by the. aerobic bacteria in 
the granule, reduces the internal p02 partial pressure to a level 
that no longer Interferes with nitrogen fixation. 

A large number of suitable fertilizer formulations can be 
employed in accordance with the methods of the present 

10 invention. In a particularly preferred embodiment the granule 
will be composed of a core, an intermediate layer and an outer 
film. The core in such embodiment is composed of: 65-70 parts 
. by weight of 200 mesh powdered rock phosphate (containing 
25% or more phosphorus, calculated as P2O5); 28-32 parts by 

1 5 weight of fermented wheat bran; 28-32 parts by weight of 
bittern (containing 50% Na2SO4-10H2O and 50% Mg2S04-7H20). 
The intermediate layer in such embodiment is composed of 65- 
70 parts by weight of weathered coal or coal-waste 
(weathering degree over 80%, burning loss over 35%); 15-18 

20 parts by weight of fermented bran; 0.1-1 parts by weight of 
bittern (containing 50% Na2SO4-10H2O and 50% Mg2S04'7H20); 
arid 1.5-2 parts by weight of chalk soil or lime. The outer film 
in such embodiment is composed of 2-3 parts by weight of talc 
powder and 0.2-0.5 parts of bone glue. 

25 The fertilizer of such an embodiment is formed by 

grinding rock phosphate containing nutrient compounds into 
fine powder, mixing it with fermented wheat bran, bittern 
(composed mostly of sodium sulfate and magnesium sulfate), 
and then forming it into a spherical granular core. Weathered 

30 coal or coal-mine waste is ground into a powder, and mixed 
with wheat bran, bittern, lime or chalk soil, and formed into a 
layer around the rock phosphate core. The granule is then 
sprayed or otherwise coated with an aqueous solution of 
powdered talc and bone glue to form a film layer, so as to 

35 create a granule with a three-layered structure. The purpose of 
incorporating rock phosphate into the core layer is to facilitate 
the biological decomposition of the phosphate rock and to 
prevent the phosphorus from reacting with metal cations of the 
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ambient soil. The purpose of ihe intermediate layer i. t 
facilitate the fixation of nitroqen THp m«in ° 
bme. :s .0 p,o.o.e Jre.a, 'l^Z 
photosynthesis. The purpose ol the outer fflm T. , ^ ■'^ ' 
5 diffusion o, oxygen into ,he granuie , pr^tc ,h T '"^ 
tang microorganism from damage caused by oxy'e to 
the structurai integrity of the inner layers al , ' T 
closed metabolic environment. ° = 

^' Je:.iu:?r' "'"""^'"^ TLB 

The preferred method of producino Ti r io -h . 
Figure 3. With reference to Fiqu e 3 Zplt k 

by the growth factor producing ye t (H:) i I 'T-'"''' 

added to the wheat brsn =t = * ^ ' bacteria are 

15 50° C Th? . * ^ °^ approximately 40- 

t)U c. The fermentation is conducted at a mr.- * 
40-«^n<y D ^uiiuuciea at a moisture content of 

4U50/O. P-decomposmg bacteria are added and th^ r^- 
dried to powder h^,>,in« i .u rnixture is 

507-500/ ° 7 ^.^^'""S '^^^ ^f'an 6% moisture content A 

dned powder (5) and dried salts Na2S04 and wLsoi '6, ' 
added together along with rock phosphorus pllr ha / a 
mcsture content of less than or equal to 2% ,iai i' 7 
1S%:15%:70% to form a mixed stock 19> tl °' 

Wheat bran is fermented I7\ hw th^ 
yeast strain ,H7, ,3, The trm 1,^1 TT' 

30 content of 40-SOo/ tk^ ^® ^ moisture 

powder (8) is dried to a moisture content less th!n L ^ 
6% (9). Dried salts (11) and the dr Pd h *° 

35 combined in a ratio of 20o/-80o/ 

.u ^^0/0.80% to form a m xture (12) 

Weathered coal (4) is riri*.H « ii-^j. 

than or equal to 87 ? '«ss 

equal to 8/o and ground to a mesh 200 (13). a mixed 
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Stock (15) of 25% Na2SO4-10H2O; 25% MgS04-7H20 and 50% 
Ca(0H)2 is prepared. The mixed stock (15) is dried to a 
moisture content of less than or equal to 2%, and ground to a 
mesh 200 to form dried salt (16). The dried ground weathered 
5 coal (14) is combined with the mixture (12) and dried salts 
(17) in a ratio of 67%:30%:3% to thereby form mixed stock 
(20). 

Granulated phosphate rock-containing mixed stock (21) 
is combined with mixed stock (20) In a ratio of 30%:70% to 

1 0 form a granular mixture (22) having a moisture content of 22- 
25%. The granular mixture (22) is dried to a moisture content 
of about 8% (23). collected (24). coated with a bone 
glue:water solution (1:7) containing talcum powder of greater 
than or equal to 200 mesh (25), and dried again (26). The 

15 material is then packed (27) to form the final product — the 
TLB fertilizer (28). 

The above-described process may be carried out using 
appropriate manufacturing equipment. A preferred 
manufacturing equipment is shown in Figures 4A-4F. 

20 Figure 4A shows the equipment used to prepare the 

weathered coal. With reference to Figure 4A, a hot air 
generator (1) is used to dry weathered coal which is provided 
to a dryer (3) by a lift conveyor (2). The dried material is 
transported via a lift conveyor (4) to a mill (6) which grinds 

25 the material to suitable size. The milled material exits a filler 
(5), to a lift conveyor (7) which deposits the material into a 
stock tank (8). 

Figure 4B shows the equipment used to prepare the salts 
for the H4 stock tank. With reference to Figure 4C, MgS04 and 

30 NA2SO4 are provided to a lift conveyor (9), which transports 
the material to a dryer (10). The dried material is then 
transported to a mill (12) which grinds the material to 
suitable size. The milled material exits a filler (11), to a lift 
conveyor (13) which deposits the material into a stock tank 

35 (61). 

Figure 4C shows the equipment used to prepare the salts 
for the H7 stock tank. With reference to Figure 4C, MgS04, 
NA2SO4, and Ca(OH)2, are provided to a lift conveyor (9), which 



35 
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transported via a lift conveyor (16) to a mi«»r mt, . ' 
to 40-50" c H7 „. . ^ f'^' ^"tl heated 

10 transpor ed (ISMo , , " " ^'-''^l - 

oorZo ?20mI a 'ermentalion pond (19). and then ,o a 
conveyor (20) to outlet equipment (21). The material i= .h 
ransported via a lift conveyor (22) to a mixer k 
.N2.«xing bacterium, .he coal L e decompo fno t^T ''' 
and the potas^um decomposer bacteria are added The t^' 

ryrr'2;'%: t^'- <"> ^ - ,™ n: 

oonveyor (30, to I m :o:Tj%"^;''ZlT'""'' 

material into a stock tank (63). 
0 Figure 4E shows the equipment u«rf - 

=<°ck tank. With reference .o R „ 4E ZZ7 

transported via a litt conveyor MSI ! , 

to 40-50" C. H4 yeast T.h»n 1™'°' ^"^ "^a'^'' 

transported (18) to a f ' ^"^ *^ ™'^rial is 

t^urieo (18) to a fermentation pond (19> ,i, . 

' oonveyor (33) to outlet equipment The If " 

transported via a lilt convevor Isl-i , 

Phosphorus decompos,rr, . r,- a~'Thi '"^ 

a:; - a^on;:yo::"e^: 

oonleyor "i::! T^' ,ifttn~ 7 Ifh T 
material i„to a stock tank (64) "^""'''^ 

producS^flrUntle^^'Str" '° '"^ 
Material from the H4 st^k tank ,1^ 1T" '° '^'^"'^ 
'anM61) are J^lJ^T^'^^lXZ.T ''''' 
means ,45). The combined ma'^als a ' tr! 
mixer ,47) via a lift conveyor (46) ^a !. "> a 

iiveyor (46). The material is scraped 
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from the mixer (47) using a pressure scraper (48), and then 
sieved using a sieve shaker (49). The material is then 
granulated using a granulizer (50). 

Still with reference to Figure 4E, material from the H7 
5 stock tank (63) is transported along with the dried salts of 
stock tank (62), with the weathered coal of stock tank (8) and 
the dried salts of stock tank (61) to a mixer (52). The mixed 
materials are then transported using a lift conveyor (44) to a 
granulizer (43). The granulated materials produced from the 

10 H4 granulizer (50) and the H7 granulizer (43) are conveyed by 
conveyor (51) to dryer (53). The dried material is conveyed 
(51) to a lift conveyor (54) which introduces the material into 
. a coating apparatus (55). The coated granules are then sieved 
in a siever (56) and carried via a lift conveyor (57) to a dryer 

1 5 (53, 58). The dried granules are carried by a lift conveyor 
(59) to packaging equipment (60). 

Although the preferred embodiment of the present 
invention contemplate a fertilizer that contains all four 
recombinant Streptomyces strains as well as the two yeast 

20 strains, it will be understood that alternative formulations are 
possible. Thus, if desired, the fertilizer may omit one or more 
of the above-described strains. For example, in phosphate rich 
soil, the fertilizer may be formulated to lack the phosphate 
decomposing bacterium. Alternate equivalent strains may be 

25 substituted in lieu of those described above. 

The fertilizers of the present invention may be used in 
the same manner as conventional fertilizers. They may thus be 
applied to soil, by spreaders, sprayers, etc. Such application 
may be made once per year, or more frequently as desired. 

30 Having now generally described the invention, the same 

will be more readily understood through reference to the 
following examples which are provided by way of illustration, 
and are not intended to be limiting of the present invention, 
unless specified. 
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5 produoion. ,so,a>ing pure cultures rr..^^ i^ZZ ' 
Of microorganlsn, (rom i.s natural en.;ZZ' 2! 
on an artificial culture medium. As indcate, tw^ '' 
to tt,is problem have previously been a, emoL , 
to replicate microbes under the saml " "'^'"^""9 

'0 natural environment and H« '='"'*"»ns as their 

can be added to VIZ:^^:^^ T'^"' 
them more similar to natural condi,* ' ^ 
considerable number of microbial spederha, h ' 

5 the total number of microbial species " 
As indicated above, one asosM ^i ,k. 

concerns a method for isola«„g a'„, , 

which is characterized by plala 1^ m.croorganlsms. 

'he desired -icroorganisl' a^,:2'lr°™' 
' capacity, extracting the microorganism n atrt- °' T"^''^ 

""er or liquid culture medium ,1",!,. """" °' 

-nicroorganisms by applvina , 

specific frequency and'p«en,ial ^n^ r^^r^'''^ °' 
culture of the desired „° ^"^ then obtaining a pure 

electromagnetrc IZ l:^^.^"'^ ""'''^"^ 
-nd culture microorganisms "oil^ T"°" 
extremely small induced vaTatlon R- T 
microorganisms retain thj w«d s.ate'cr"'?' •'''^ 
-ethod is useful in microbrj p yltl^T 'T" , 
research, natural ecological research nln , 
research, life sciences research m»rt , «"a'neering 
research, soil and I^ZT'.Z I P^^^^ceutical 
pesticide and bacteriocWe reserh f . ^PP"cations, 
environmental pollution remedTa ron The T'""""^' 
method include (,) ,he iso!a ert ■ ^'"'^•"^Ses ol the 

Wild-state oharacterist cs with verr,r"''"' 
isolation is rapid and the ouri J „T ,h '"^ 

high. (3, the process i simp7 easy and? """"^ 

iiiMie, easy, and low cost, (4) the 
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method can be applied to wild-type strains, and (5) it can 
produce, pure microbial cultures which cannot be obtained by 
other methods. The following Procedures were used to isolated 
the above-described natural carbon-, potassium-, phosphate- 
5 decomposers and the nitrogen fixing bacterium.. 

In all of the procedures presented below, an appropriate 
quantity of material containing the desired microorganism 
(soil, weathered minerals, natural organic residues, various 
biological products, etc. was palced in a container (such as that 

10 of Figure 1 or 2) of appropriate capacity, an appropriate amount 
of liquid culture medium or sterile vyater was added, the 
mixture was allowed to stand for a certain time, and a suitable 
. amount of the clear liquid was transferred to a sterile 
nonmetallic container. Electrodes were attached to each 

1 5 opposite side of the container, an electrical potential of a 
certain field density and amplitude at ambient temperature 
(normally 15-36^ C) was applied. The desired strains were 
then isolated. 

Procedure 1: Used to Isolate Alcaligenes species from a 
20 natural source 



25 



30 



2. 



1. 



An appropriate amount of soil from the furrow slice 
horizon (i.e., from the top 35 cm of soil) was placed 
in a container of appropriate capacity, sterile water 
was added in the ratio of 30-80 ml water to one 
gram of fresh soil, stirred thoroughly, and allowed 
to stand at a temperature of 5-36°C for 6-24 hours. 
An appropriate amount of clear filtrate was 
transferred to a sterile nonmetallic container and 
glucose or cane sugar was added in the ratio of 0.1- 
0.5 gram to 10-100 ml clear filtrate. 



35 



3. 



Electrodes were placed in each opposing side of the 
container. The electrodes were connected to a 
signal generator with a wavelength range of 1 nm- 
1.0 mm and the culture was subjected to an EM field 
having a wavelength of 40-100 \ux\ and a peak EMF 
of 20-80 mv continuously for 2 to 10 hours. 
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White mainlaining ,he EM field conslanl. the liquid 
was e«,ac,ed Uo. between the middle lo 
electrodes. This liquid contained the desired 
haceria. ,or example, an ZJ^Z 

5. A liquid culture medium was prepared by stirrinq ,. 
5 grams of sugar into 20-100 mil sterile water the 
bactena-containing liquid separated under step 4 
was added in the ratio of 5-50 m, bactenal liquid 
to 50-50 ml liquid culture medium, mixed 
thoroughly, and incubated under the c^nditio's 
descried under step 3 for 6-24 hours. This 

1. An appropriate quantity of weathered coal or coal 

maiorr=,i .• _. ' "'^ carbonaceous 

material, stirred well and let stand at a 

temperature o( 5-36-C for 6-24 hours 
2-. An appropriate amount of clear filtrate was 
transferred to a st.rlle nonmetallic comber Id 
glucose or cane sugar was added in the ratio o, 0 1 
fllUa'r ' " ="8- to 10-100 ml 

3. A continuous EM field was created havino a 
wavelength of 160-230 ^m and voltage of Jo-SO 
mV between any two electrodes In a mum 
electrode insulated glass isolation chamber fr 2-' 
24 hours using a signal generator with wavelenoth 
range of 0.1 Mm-1.0mm (see Figure 2) 
f^om^ "^f"«i*g the EM field, liquid was extracted 
from between the middle two electrodes by a 
suitable means or by gravity flow. This .Juld 
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contained' a pure culture of the desired coal- 
decomposer bacteria. 
5. A liquid culture medium was prepared by stirring 
0.5-5 grams of sugar into 20-100 ml sterile water, 
5 adding the bacteria-containing liquid separated 

under step 4 in the ratio of 5-50 ml bacterial liquid 
to 50-150 ml liquid culture medium, and mixing 
thoroughly. The culture was incubated under the 
conditions described under step 3 for 3-18 hours. 
1 0 This procedure produced a large quantity of the 

isolate carbon-decomposer bacterium. 

Procedure 3: Isolation of a phosphate rock decomposer 
species from a natural source 

1. An appropriate quantity of powdered, weathered 
1 5 rock phosphate was placed in a container of suitable 

capacity, sterile water was added in the ratio of 
30-100 ml water to one gram of the powdered rock 
phosphate, stirred well and let stand at a 
termperature of 2-36**C for 6-36 hours. 
20 2. An appropriate amount of clear filtrate was 

transferred to a sterile nonmetallic container and 
glucose and ammonium sulfate were added in the 
ratio of 0.1-0.5 gram glucose and 0.1-3.0 grams 
ammonium sulfate (or ammonium nitrate, urea, etc.) 
25 to 10-100 ml filtrate. 

3. A continuous EM field was created having a 
wavelength of 10-60 ^im and voltage of 10-30 mV 
between any single electrode pair or any two 
electrodes in a multi-electrode insulated glass 

30 isolation chamber for 2-16 hours using a signal 

generator with wavelength range of 0.1 p.m-1.0 mm. 

4. While maintaining the EM field constant, the liquid 
was extracted from between the middle two 
electrodes by a suitable means or by gravity flow. 

35 This liquid contained a pure culture of the desired 

phosphorus-decomposer bacteria. 
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=• A liquid culture medium „as prepared by s.irrinp 
0.5-5 grams o( glucose and 0 5-3 0 

adding the bacteria-containing liquid sepaTa ad 
to au-200 ml liquid culture mpdinm „ ^ . 
conditions described under step 3 tor 3.3 tours 

3X°rr:a%ra,~'"-~ 

=u.a.lecapac,ty/^e^,r:l':a:;r;';-,;; 
ratio 01 30-100 ml water to one gram of T 
powdered potassium roc, stirred well a dVstand 
at a temperature of 2-36-C for 6-36 hou,^ 

20 wLTT'^" °' '"'rate from step 1 

was t anaferred to a sterile nonmetallic contne, 

3- A continuous EM field was created h=. ■ 

wavelengtb 0, 3-20 and vol.: e „f ^^"'.v 
between any single electrode pair or V„„ , 
electrodes in a multi-electrode insured oi ? 
isoation Chamber for 2-24 hours us g^ ^^na 
generator with wavelength ranoe of 0 1 .1 , „ 3"^' 

potassium-decomposer bacteria 

0-5 5 grams of cane sugar and 0.5-3.0 grams 
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ammonium sulphate into 20-100 ml sterile water, 
adding the bacteria-containing liquid separated 
under step 4 in the ratio of 5-50 ml bacterial liquid 
to 50-200 liquid culture medium, and mixing 
5 thoroughly. The culture was incubated under the 

conditions described under step 3 for 3-36 hours. 
This procedure produced a large quantity of the 
isolate potassium-decomposer bacterium. 

EXAMPLE 2 

1 0 Construction of the Nitrogen Fixing Bacteria of TLB 

As indicated above, the N2-fixing bacterium of TLB was 
produced by introducing a nitrogen fixing gene from an 
Alcaligenes faecalis strain into a Steptomyces jingyangensis 
isolate. 

15 A. Isolation of the Alcaligenes faecalis Strain 

The common methods of isolating N2-fixer bacteria have 
many disadvantages. Soil is a complex material consisting of 
many inorganic and complex organic components that are 
constantly breaking down and interacting. Soil also contains a 

20 great many biologically active microorganisms, which compete 
actively for nutrients. When an isolation medium is designed 
for a specific purpose, it typically ignores many influencing 
factors. An example is the use of a non-nitrogen medium to 
isolate N2 -fixers: Although the resulting colonies are 

25 doubtless a pure N-fixer strain, it will have been inevitably 
modified by the artificial culturing conditions. 

To avoid these disadvantages, electromagnetic fields 
were employed as described above, and the soil conditions were 
kept unchanged during the entire isolation and culturing 

30 process. All the microorganisms in the soil were 
simultaneously subjected to EM radiation; by regulating the 
frequency and intensity of the EM fields, the desired bacterial 
strain was isolated. The above-described deposited 
microorganisms obviate the need for others to isolate the 

35 bacteria from soil samples. The GNoi strain was isolated from 
soil by the following procedure: 
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The culture medium employed was orea^r^H k • 

MerM.O g K2HPO4; 3.0 g KH2PO4; 0.2 g M9S04-7H,0- 02 n 
Na2S04., 0H20; 28 .g .a2Mo04..2H20; 2.0 g yeasll 

water, then auloclaved. ^ 
10 A quantity of fresh soil was air dried and inn 

placed in a 2 liter Erlenmever flask wJl ° ^ 

Ihe total volume ,0 exaT 2M0 „, tL '° ^""9 

was stirred well then le Ld o„elv un«l 
complete. The clear ^„i„. ? . Precipitation was 

15 transferred by pipj^e ,0 - '"^ "^^'^ 

volume o, thl sXtlon IsTor-lsormr^ 

m^x.urr:or;:i'nr';hrrt, r ^o'""- 

, •ogether in a ste'li.ed 2 itr belr ^^'^ '""^'^ 

20 the mixture was allowed ,0 coolTa^„,^;V ^^^X T"""' 
It was divided eouaiiv ir„„ ,k ' ^' "'^"''^ Po'n' 

solution was then added o h Soil 
1000 m. and stilled we«. ' °' "^^^ >o 

25 divide:":,:::;!:' tra:; =7 

e-ch). The flasks were cultured T r. T''''' "^"^ '^00 ml 

- .ours, orowth o, brr:fs"rrdtr f.^ " ' 

30 controlled EM nerfr^^turrat^^^^Vc^ ""^ ^ 

radlatir^ltrrurberi^"" ™ 
from other parts' o7 .he 'V^'' '» area 
removed. rZ culture 1^'" *^ '^°'^'«<' 
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Alcaligenes faecalis strain W3S d6si9ndt6d GN0I1 and was 
sealed and stored at approximately 0° C. 

The GN01 Alcaligenes faecalis strain is a short rod (0.6 x 
1.0 Older cells form fairly thick endospores. They produce 
5 a thin slime layer on saccharose media, more on beet sugar, and 
the most slime on glucose media. Each cell has four to six 
flagella, although older cells lack flagella. Under optimum 
conditions, it can fix 19 mg N per gram saccharose consumed, 
or 22 mg N per gram beet sugar consumed, or 25 mg N per gram 
1 0 glucose consumed. 

The GN01 can obtain its carbon requirements from a 
variety of materials: glucose, saccharose, starch, or any other 
. material that can be utilized generally by saprophytic bacteria. 
It has the following biological characteristics: 
15 (1) Its N-fixing activity is affected by Na ions as well 

as by Mo and Mg ions. 

(2) It grows very rapidly on culture media containing 
certain quantities of growth factors such as flavin (B-2), 
thiamine (B-1), nicotinamide (B-5), etc. 
20 (3) It is active within a temperature range of 5-35'' C, 

shows stronger activity at 18-30** G, and strongest at 26±1*' C 
(i.e. at "approximately 26** C.). 

(4) The GN01 is able to survive and grow in a relatively 
broad redox potential range: Eh=110 mV to 460 mV, optimum 

25 180 mV to 320 mV. 

(5) The GNolis also facultatively anaerobic and can live 
under a broad range of oxygen partial pressures. It generally 
grows under p02 pressures of 0.01-0.08, the optimum being 
0.03. 

30 (6) The G+C content of the DNA is 66 mol % (Tm 

method). 

B. isolation of the Streptomyces jingyangensis 
Isolate 

The Streptomyces jingyangensis isolate was isolated in 
35 essentially the same manner as the above-described 
Alcaligenes faecalis strain. 
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At each soil collection site the ^nri=.r^^ i 

sample. The samples were then air driJl J , ^^^^ 
5 subsequent contamination '''''' ^^^'"-^ 

Approximately 500 g of each soil sample was nl^r.H • 
00 . ,er and water added to beln/the raltr.: 
1500 ml. The mixture was stirred well and allowed to sLh 
one day. The upper clear solution, about 100 mr was hen 
10 pipetted to another beaker, which was sealed and sto 'd T 
temperature below -1° C. ^ 

The culture medium contained (oer litar «f . . 
soH soluHon, 2S g ..arch (whea.^ 1 0 g K^H Pol 'iT" 
MgS04.7H20, 2.0 g .32304. OH^O; 0.0, 'eso, a„d O S ! 
1 5 yeast extract powder. 9 

The prepared culture medium was divided equally into 2 
l-ter Erienmeyer flasks and autoclaved. When the m!^ I 
cooled to about SO'' C ?nn m. «f . medium had 

.„ „■ ~ » 



cell, are short rods, white the old oel s are ainfor" k 
Old cells have no .lagella and are non^offle 4,e « r 
01 the strain was 68 nto. % (Tm n,e,hod7 

soils 1^1! " ^" ''inds 01 

soils, this strain grows well in soil solutions The strain nrJ 

nom,ally at temperatures from 5-39- C and at oH iT 

B.0 .0 3.0. Oram stain is no. stahletrirs::'-::;;: 
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organisms are Gram-variable. They grow normally on culture 
media containing trace amounts of quick-acting nitrogen. The 
bacterium becomes dormant in air-dried soil and revives In the 
presence of water 

5 C. Construction of the Recombinant Nitrogen-Fixing 
Derivative of the Streptomyces j'ingyangensis 
Isolate 

The GNoi strain can fix 25 mg N/g glucose under optimal 
conditions. This output Is too low for wide-spread use in 

1 0 agriculture. Moreover, glucose is expensive, and the organism's 
N-fixing ability is further lowered by the effects of the 
complex soil environment encountered in the field. Thus, the 
GNoi strain was not deemed to be suitable for use in biological 
nitrogen fixation-based fertilizers. Since the strain contained 

1 5 a desirable N-fixing gene, recombinant methods were employed 
to remove the gene from GNoi and integrate It into the genome 
of the FSoi recipient. The resulting hybrid strain possessed a 
high N-fixing ability and broad environmental adaptability. 

A high efficiency nitrogen-fixing bacteria was produced 

20 by cloning a nitrogen fixation gene from the above-described 
Alcaligenes faecalis strain and introducing the cloned gene into 
the Streptomyces jingyangensis bacteria. For this purpose, a 
quantity of lysogenic temperate phage lambda, designated Aoi, 
was Inoculated into a liquid culture medium containing (per 

25 liter) 3.0 g K2HPO4, 3.0 g KH2PO4. 0.2 g MgSO4-7H20, 0.2 g 
Na2SO4-10H20, 28 mg Na2Mo04-2H20, 0.5 g yeast extract 
powder, 18.0 mg FeSO4-7H20, and 25.0 g glucose. The 
ingredients were autoclaved for 30 minutes. Growth was" 
stopped when replication reached log phase, which in this case 

30 was 106/ml. 

Approximately 500 ml of the lysogenic culture was 
poured into a sterile square glass chamber then cultivated in an 
El^ field. The EM field was then readjusted to optimum 
parameters as indicated above. An activating agent was added 

35 which initiated a large-scale replication of phage A01 and 
modification of Its DNA. After culturing for 240 minutes, the 
host cells lysed and the new temperate phage designated A02 
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phage was released. ' An? thii<; nhfoi„«^ • 

spscificlty and can be replicated as such 

Although the A02 phage is capable of infeclino riM„ , 
under some conditions, the GN01 stil, sees Z 
and .,s restriction systen, „i„ suppress the p age dnI T 
problem ,s alleviated using an EM fieldM 
dea«h,ate the cellular restriin appa"at s and To'"" '° 
salable environment for replication oHhe Lrnhl "'"T " 
cells. The method is based on the act that - 
dWerent activity under the inilue ce ^EM fle.^T 
~ The action of an enzyme can ^ Zl^Z't 

SOO ml Of the same culture medium 1! '""T"' 

divided equally i„,„ 3 Erienmeye? ftks Thr',! T" 
cultured under constant ch=b- "® "^^^s were 

hours. Growth^r ha tl" ITT''^" ^ 
- 10e,m^ The cuKure „as seaJtd "ira LssTa'n '^T' 

.-i:%::urch:rrgrreo'™^ ^ 

25 Of -activator" were Intrrl w ^ ^ ^ 9 

-..er. T.S JxtL rcXed^^:-^^^ ''"^^ 
mmutes at approximately 26» C after whth .h 1. ^° 
again switched on for 6 hours tkI - ^'^'^ 
culture media of the present L.nt """^ 
hydroxybutyric add A.? " " P^^^^^^'^'V 

HAA") Wbe urd as ^ ^^^^^^^o acL 
described herein Th» r„ activator- of the culture media 

readjusted a^d cultl^tio T/''"' 
By this flme. virftrairal °he H '°l ">''^ h<>"«- 

35 the GNoi c^lls. '"''3° ^»rbed into 

w^chtd' .r4t::,e"r:pSor„;v 

cells and their complete ly fe Th! I °' ^^^^ ^ 

f e lysis. The phage thus released 
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contained several DNA segments, including the desired, nitrogen 
fixation genes (nifHDK). 

Approximately 100 ml of the liquid FSqi culture were 
inoculated into 500 ml of FSoi culture medium and mixed well. 
5 The mixture was constantly shaken at approximately 26*^ C for 
8 hours. Growth was stopped when the FSqi count reached 
108/ml. 

The culture was then placed in a specially designed 
chamber and inserted between the electrodes of an 

10 electroporator, which was cycled on-off for 3 periods not 
exceeding 1 second each at 3-5 second intervals. Ambient 
temperature was kept between 2 ° and S"* C. During each on- 
. cycle, three high-frequency high-voltage electron beams passed 
between the electrodes. The culture containing the porated 

15 FS01 bacteria was quickly transferred to a special culture 
chamber and the above-described phage DNA was poured into 
the chamber at a ratio of 5 volumes of FSqi cells to 2 volumes 
of phage. The chamber was then subjected to a specific EM 
field which suppressed the restriction nucleotidase activity of 

20 the FSqi cells. This culture was grown at approximately 26'' C 
for 2 hours. The resulting culture was then further cultivated 
at the same temperature for 6 hours under an EM field suitable 
for replication of the recombinant DNA. The resultant strain 
was designated the GNo2, and comprised the preferred nitrogen 

25 fixing strain of the present invention. 

D. Enrichment and Properties of the GNo2 isolate 

The isolation of the GNoi bacterium was accomplished as 
follows. Approximately 60 grams of fresh soil was placed in a 
large glass vessel to which was added 2400 ml water, which 
30 was thoroughly stirred and allowed to stand 48 hours. 1000 ml 
of the upper clear solution was transferred to a beaker. 

The resulting solution was autoclaved for 30 minutes and 
stored at approximately 0** C. 

The culture medium ingredients were mixed together as 
35 follows. To one liter of autoclaved soil solution was added 6.0 
g K2HPO4, 2.0 g KH2PO4, 0.1 g MgSO4-7H20, 0.1 g 
Na2SO4-10H20, 8.0 mg FeSO4-7H20, 15.0 g starch, 10.0 g 
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g,uco.e ano 20 g agar. Thein'gUen,. were autoCaved ,or 30 
A..er coag.a«on, , „, .he gC ouC ^ ' -no^ra 

colonies were thereby obtained. 

A liquid culture medium was preoared fmm 
ingredients, except ,„r .He agar aT.^e ZZ 

IS rtr c- rr ^""-^^ -or:° oo ; 

70 80 C. at which point .he activator was slirr»H 
thoroughly. Ten-twelve GN02 colonies from The PeW dish^ 
were inoculated into the liquid culture. Th s c Jtl 1 
exposed .o the appropriate EM field fbr b h 
approximately 26- C then .he FM 
20 cultivation was conLed for'anothe 72 Zrs'^'^h °" '"^ 

a Pt.e GN02 culture. The r.:!:":!^ 21 

Stored at approximately o» C. 

E- Condltlonir.g and Cultivation of the GN02 Isolate 

The GN02 strain obtained from the above procedure 

s.ri .0 a:a;.r,he"or:sT::i,'iT°'*^ 

conditioned in the following manner ' 

30 (per litriTpr^d" zTj 

The culture medium Ingredients were mixed ann 

-ed e^aiiy ^ z:'z:v- 
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each. Twenty-fifty ml of the GNo2 culture was then inoculated 
into each flask. 

The flasks were shaken for 12 hours, during which period 
at each 2-hour interval the temperature was changed over the 
5 range 5-40° C in 5° increments. After such incubations, 1 ml 
of adjusting agent was added to each flask. The culture was 
then grown for another 30 minutes at 26° C under a specific 
GNo2 EM field. The resulting strain possessed wide temperature 
adaptability. 

10 After such adaptation to temperature, the resultant 

culture was adapted to yarious soil types and soil conditions. 
This was accomplished by placing 50 g of air-dried fresh soil 
.into a vessel of suitable size and then adding 3-5 liters of 
water and stirring well. The mixture was let stand 2 hours 

1 5 after which the clear upper solution, or a filtrate of the 
mixture, was poured into 500 ml Erienmeyer flasks. 

Immediately after the temperature adaptation cultivation 
of the GN02 bacteria was completed, 50-100 ml of that 
solution was placed in the initial fresh soil solution. The 

20 flasks were shaken for 60 hours, during which time the 
temperature was varied from 5 to 40^ C in 5° increments every 
hour. The culture was then grown under the specific GNo2 EM 
field for another 20 minutes at approximately 26° C. The final 
GNo2 culture had a count of lO^/ml to lO^/ml. GNo2 bacteria 

25 conditioned by this procedure were then suitable for use. The 
GNo2 strain contains 21 integrated copies of the Alcaligenes 
faecalis nifHDK genes. 

As indicated above, TLB containing the GNo2 strain was 
deposited with the American Type Culture Collection. 

30 EXAMPLE 3 

Construction of the Carbon Decomposing Strain of TLB 

Since GNo2 cannot degrade the complex carbon polymers 
in such substances, a recombinant microorganism that was 
capable of such decomposition was constructed. The carbon 
35 decomposing bacteria was produced by isolating a coal-waste 
decomposing bacteria, and then using recombinant DNA 
techniques to transfer DNA from that organism Into a recipient 
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Ba""u'?2J' '"^ '^-'-"'"'e Decomposing 

5 A natural isolate of Polyangium cslluln^,,^ 

as the donor o, DNA er^oding^e'en^^es nZd ZV'"'' 
ooal-wasle. These bacteria are caoVbte „, h '^"^'^'^ 
high .olecular weight oon^poondl n we^he'ld 00^'°?' '"^ 
to simple carbohydrates ^„rh oo /^^^"^"^ed coal and waste 

■0 e.c., prodtroin, "randTrr 

The Polyangium cellulosum cells wpro u,=. ■ , 
•he lollowing procedure. Approxir^a elvTn r^'"" 

5 dried weathered coal or coai~^i ol 

300 m, water added and r^ZT^lT ^^''"IT" 
upper clear solution was transferred o the 1, 
EM isolation chamber The fl ^ *='9™tf 
employed: 30 g weathered co», ' """"" "^""""^ 

' and air-dried 7sTZ »f ^'"""^ -"h 

extract powder; 1.0 g activlof t: ' T "'^ ^ i-^^^' 

an m fieid o/ optimLT;:nc;::dTrsi.n/,^^^^^^^^^ 

fixing bacteria thronr% '° '^^'^'^ 'he N- 

paraLters The cuhure was T"" 

above isolation step tLT time" 'T' '^"^^""^ 

was seaied a^d sforedrer strcordS'Tc^?! 

-per r,.r/;rr, t '---^ '° ^ - 

perltrlchous while mature Lie H ,r ^^"^ 

Old cells have 1 S '^3^1^' V"^ 
can remain dormant fnr i«„ -"e""fn can form spores and 

coionies displardlat Z.rZl I 2 eT 

were transparent ooiloids th'at be^r iirht'tr^r tfmt" " 
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Facultatively ^anaerobic, it shows relatively strong 
activity at oxygen partial pressure p02 = 1.02-0.04. The 
normal tennperature range of the bacterium is 6-35'' C, When 
cultured outside of this range, the cells age and become 
5 dormant. They revive, however, when moisture and 
temperature are suitable. The optimum temperature range for 
the bacterium is 16-25° C, within which there was no 
significant difference in growth. The cells were killed by 
exposure, in liquid media, to 65° C. When cultured on solid 

1 0 medium, the cells could survive to 76° C. The spores were 
killed by exposure to 85° C. 

The bacterium has a strict water requirement: its highest 
activity occurs when the water content of powdered coal or 
waste is 20-36%, however, it shows some activity when water 

1 5 content is 37-70%. The strain exhibits only minimal activity 
at water contents below 12%. G+C = 52 mol % (Tm). This 
bacterium was designated MFoi. 

After isolation, an enrlchnrient procedure was followed in 
order to condition the cells for artificial medium. The above- 

20 described culture medium was employed. The mixture, except 
for the activator, was autoclaved for 30 minutes. When the 
medium had cooled to 70-80° C, the activator was stirred in. 
When the temperature had dropped to below 40° C, 100 ml of 
the purified culture was stirred in. The mixture was placed in 

25 the EM radiation chamber and grown for 3 hours under the EM 
field parameters appropriate for this bacterium, as indicated 
above. The EM field was turned off and the culture continued 
for another 72 hours. The concentration of bacteria in the final 
culture was lO^-io^ cells/ml. The resulting culture was used 

30 as the donor of coal-waste decomposition genes. The culture 
was stored at 0±1° C. 

B. Construction of a Carbon Decomposing Derivative 
of Streptomyces jingyangensis 

The isolate used as the recipient of ON A from Polyangium 
35 cellulosum was Streptomyces jingyangensis. The 
Streptomyces jingyangensis was cultured on the following 
medium: 20.0 g wheat bran ground to 200 mesh, 1.5 g K2HPO4, 
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FeS04-7H20. 1.0 g aci™.or. 1000 ml water. The above 
mgred,en,s, except tor the activator, were mixed in their aive' 
proporttons, stirred well, artd autoolaved for 30 ZT 
5 cooled to 70-80- C. the activator was added. The res!,-„: 
medium was then poured into four 9";n c , '^esullmg 
This isolate was designated FSo2 

When the medium had cooled to Ijelow 40° C m mi „, ... 
FS02 strain was added to each flask Tl,rfi ,, °' ""^ 

10 in tho rc„ ■.. r- ™ "^^''S were cultured 

n he FS02 specf.c EM field at about 27° C for 2 hours. T,e m 
field was switched off and the flasks were keot ..nw 
Shaking for 72 hours. A pure FSo2 ^^r^^Z l^ o~J 
with a count of 106-107/ml The cuiun. 
sterile condition at O+r C ""^^^ 
■•5 Temperate bacteriophage lambda mno\ 

into a liquid culture of the MR, 1 stmin .nd I 

P , ^"^O ' ant* cultivated at 26+1 » 

alVacr- a^llrre^r^^^^^^^^^^ 

:::sr- ho. ceiisnurdinrsorpCrs 

solution was divided equally into hte 3T0 ml P ' 
flasks and cultured under shaking at 27.Tc or ^"h''" 

"^01 oounolache ,08/m Ta 
5 the culture was sealed and stored at 0±1° c 

culture taThrtrsC^dTr^ r,r 

Pa-amete. for SO m,nutes;r al:." ^i^ 
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off and 30 ml of the Bo2 phage culture and 1 g of activator 
were simultaneously stirred into the chamber. This mixture 
was allowed to stand to 20 minutes. The resulting culture was 
grown under a specific EM field for 9 hours. The field 
5 parameters were then readjusted and the culture continued for 
another 9 hours. At this stage, almost all of the Bo2 phage DNA 
had been absorbed into the MFoi cells. The EM field parameters 
were readjusted to the condition 'that stimulates the 
replication of Bo2 phage in the MFoi cells. This led to lysis of 

1 0 the MFoi cells and the release of large amounts of Bo2 phage 
containing the desired genes. The resulting B02 phage solution 
was sealed and stored at 0±1'' C. 

50 ml of the liquid culture containing the FS02 strain 
was stirred into 4 Erienmeyer flasks. The medium employed 

15 contained 10 g weathered coal ground to 200 mesh, 1000 ml 
FS02 soil solution, 1.2 g yeast extract powder, 1.0 g K2HPO4, 
12.0 g MgS04-7H2O, 12.0 g Na2S04-1 OH2O, 0.01 g FeS04-7H20. 
0.4 g NaCI, 1.0 g activator. All of the media ingredients, except 
for the activator, were mixed, autoclaved for 30 minutes and 

20 then cooled to 70^ C. Activator was then added, and the culture 
medium was then divided equally among the flasks. 

The culture was cultivated for 3 hours at the specific 
temperature for the FS02 strain, by the end of which the FS02 
concentration was 106/ml. The resulting FS02 culture was 

25 then transferred to the specially designed chamber of the 
electroporator. At the appropriate frequency and potential, the 
electroporator was cycled on/off three times to pierce the cell 
walls. The Interval was less than 6 seconds. This process was 
carried out at 3"^ C. 

30 Approximately 30 ml of the Bo2 phage solution was added 

to the FS02 culture simultaneously with 1 ml of activator. The 
temperature was gradually raised to about 25** C over 3 hours. 
The culture was then grown at this temperature for 60 minutes 
in an EM field at the appropriate frequency^ and potential. This 

35 alteration of the environmental condition repressed and killed 
the undesired DNA and permitted survival of the desired DNA. 
Finally, cultivation was continued under the new EM field 
parameters for an additional 3 hours, which stimulated the 
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integration of the desired DNA into thP pc>„^ 
stags, ,he genetic recombination wa alt TT' ^ 
resulting culture was sealed and s^oL TZc " '"'- '"^ 
The new bacterium obtained bv the fomnoin™ 
5 was designated the MFo2 strain and possessed i- 'T""" 
to decompose weathered coa, and coarjasT ' 

The MFo2 strain was adaoted to tomr>^.^» 
culturing the strain in medLm o~ ^r*" 
autocaved coal (o, coal-waste) solution l^n .a,^ h 
< 0 g yeast extract powder, 0.3 g Na2S04. 0H,o n , 

300 g activator All ol L ^ MbS04-7H2O. 

acti.1 (Which z :'d :,r t:e"2:;e 

approximately 70" C). were mixed » J '° 
minutes then divided LaHv a^n ="'°<=l«ved for 30 

= o, the MP02 'i^uidiuiir • , ^^-^o m, 

"asks were then sha.en continuous^ r ,2 hours 

growth, the temperature was varied over a Lc^ r '"^ 

increments of 5- C every 90 minutes. AMhe end of V^" 

ml of an adiusting agent was added and the cul™ ' 

3 m an EM field appropriate to the II/IF02 for 60 ^ ! 8'°"" 
^ r uiB iviro2 tor 60 minutes at 26±1 ° 

The IVIF02 strain produced bv thie . 
displayed good adaptabil,,; to a broad "CeL™ 

The MF02 strain was adapted to differ.!,. ^ ' 
by Placing 500 g of fresh alr-drled Ll In T . """"""^ 
2000-3000 m, water was added Z ItZ Z '° 
was allowed to stand fo, 2 hours a rol , """'"'^ 
..0 dear solution was pipeU' 

ouiture"har;:e:%:m;,rd"Tr:soTr ^^"^ 

immediately added ,0 Ertnme' Tial ' , 
ml Of the fresh soil solution Thel L. ' 
continuously for about 4« h„, ^ ^''^l<«" 
for anoth/r Z ti Itet 'ar27.; Tk 
appropriate to the ll/lFoa slral* aL " ™ 

procedure, the concen,ra«on o Te Jno J^"""^*'"" °' '"^ 
107/ml and „„„ ^ "2 strain reached about 

/ml and possessed very good eoil-type adaptability. The 
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final culture was stored at 0±1'' C for later use in the 
preparation of TLB fertilizer. 

M'Fo2 bacteria conditioned by this procedure were then 
suitable for use. The MFo2 strain contains 15 integrated copies 
5 of the Polyangium cellulosum carbon-decomposing genes. 

As indicated above, TLB containing the MFo2 strain was 
deposited with the American Type Culture Collection. 

EXAMPLE 4 

Construction of the Phosphorus Decomposing Bacteria 
10 • of TLB 

The GNo2 bacterium requires a certain amount of 
phosphorus to fix nitrogen. In order to address this 
requirement, a recombinant bacteria was produced that had the 
ability to solubilize (i.e. decompose) the phosphorus contained 

15 in rock phosphorus. The bacterium was constructed by 
transforming a Streptomyces jingyangensis isolate with DNA 
obtained from a natural isolate of Bacillus megaterium 
phosphaticum. The Bacillus isolate was obtained from a sample 
of weathered phosphate rock. 

20 Bacillus megaterium phosphaticum is widely distributed 

in weathered phosphate rock fines around phosphate mines. The 
bacterium can use a large variety of organic substances such as 
saccharose, lactose, and gelatin as its carbon source. Simple 
carbohydrates are the preferred nutrient source. The strain is 

25 chemoheterotrophic and facultatively anaerobic. At the end of 
its oxidative metabolic chain, the bacterium uses molecular 
oxygen as the electron acceptor. During metabolism, the 
bacteria secrete a thick slime layer, which decomposes the 
immobilized P to water-soluble forms. The chemical makeup of 

30 the slime layer is not clearly understood at the present time, 
but it is certain that no organic acids are generated in the 
bacteria's metabolism and that decomposition of the phosphate 
rock is not accomplished by acidolysis. The G+C content of the 
cells is 46 mol % (Tm). 
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Zct?u:' ~''<^^P^^rus Decomposing 

To isolate the bacterium, a sample of weathered 
phosphate rock was pulverized to about 200 mesh and !ww !. 
5 a sterilized culture medium containing 8 0 g sac^h^^^^^^^^^^^ *° 
ground weathered phosphate rock. 4 0 g MgS04 7H.0 H ' 
Na.S04.10H.O. 0.2 g K.SO4. 1.0 g yeast exltct^p^^^; 3 g 
humus. 1.2 ml activator, per liter of water tT u ^ 

mmutes. The activator and phosphate rock were added to th! 
medium after the medium had been cooled to 70" C 

The culture was grown for 72 hours at 25-28° r 
.hen Placed in ,He specia, EM radiation oha-l.^ and g^l'nTo: 
5-6 days under .he EM field parameters appropriari p 
5 decomposers, as indicated above The nmr^H., 

medium was 1o6/m, Th. .f concentration in the 

^ m was 10 /ml. The culture was sealed and stored at -2" 

become suitable. conditions again 

xrr ^^^^^^ — 

The recipient bacterium was designated ^03 

Temperate bacteriophage lambda (Cni) was inor„l=.,=H 
into a liquid culture of the PFni strain »nrf . inoculated , 
r („, ,o i, '" ^"^ cultivated at 27+1 • 
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when the concentration of Coi lysogenic bacteria reached 106 
cells/ml. 

Approximately 500 ml of the culture was then placed in 
the incubation chamber of the EM irradiation apparatus. The EM 
5 field parameters were then readjusted, to stimulate the 
replication of the Coi phage DNA in the host cells and their 
ultimate lysis. This cultivation continued for about 18 hours. 
After lysis, a large amount of modified Cq-i phage was present. 
This preparation of lambda phage was designated phage C02. 

1 0 This procedure enables the Co2 phage to infect the PFq 1 
bacteria under certain conditions, facilitates their replication, 
and renders them lysogenic. 

The C02 phage were adapted to the PFqi host in the 
following manner. PFqi cells were cultured in 250 ml of 

15 medium containing (per liter) 10 g ground weathered phosphate 
rock, 1000 ml soil solution, 5.0 g saccharose, 15.0 g starch, 2.0 
g MgS04-7H2O, 2.0 g Na2S04-1 OH2O, 1.0 g activator. Prior to 
inoculation, all of the media ingredients, except for the 
activator, had been mixed, autoclaved for 30 minutes and then 

20 cooled to 70° C. After the activator had been added, and 
medium was then divided equally among several 500 ml 
Erienmeyer flasks. The flasks were shaken continuously for 8 
hours at about 27^ C. At the end of the 8 hours, the flasks were 
placed in an EM field specific to the PF strain and the culture 

25 was grown for another 6 hours. At the end of the 6-hour 
growth period, 20-30 ml of the phage culture and one gram of 
activator were added to each flask. The resulting mixtures 
were let stand for 3 hours at about 27° C. 

At the end of the 3-hour resting period, the flasks were 

30 placed in the EM field and grown for another 4 hours, at which 
time almost all the PF01 cells had been infected by the Co 2 
phage. 

The EM field parameters were changed and the culture 
was exposed briefly for 10-15 minutes. The EM field 
35 parameters were then reset to the values initially employed. 
The culture was grown under this condition until almost all the 
PF01 cells had been lysed by the Co2 phage. The resulting Co2 
culture was sealed and stored at 0±1° C. 
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The recipient FSqs bacterium was infected with tK o 
Phage .as follows. Approximately 50 ml of the FSnV . °' 
was inoculated into each of several 500 m pln ' 
that contained 250 of mediu. cont nlnj (pr^Tlor 
5 ground weathered phosphate rock inon m. 7 ^" ^ 
yeast extract. 5.0 9 saccLrose 0 g tarch /o o M t"' ' ' ' 
2.0 g Na2S04.10H20. 0.01 g FeSOri 0 ""^"^^'^^^O. 
-ture medium ingredients Lcept or the a^^^^^^^^^^^ 
mixed well and autoclaved for 30 n^nutes The f 
1 0 was then cooled to 70° C and thp . ! ^^^"'^ "^^^'"'^ 

Tho fi '° ^ and the activator was added. 

1 5 which was set at a ror*.- * ^"afn^^er of the electroporator 

Immediately thereafter, 30 ml of th» u 
20 was added to each Wask followed bv I n,, , " 

temperature of the culture The 
gradually over 5 hours raLr ;™ IL '° ^'^^ 

- «e,d .imuJdte ^^Z^ o7 rSe^Td ™^ 

DNA and suppressed replication o, other DNA IT"''' 
Iransformants survived. The EM fi.w 

ohanged and the culture was or . P^'^'^^ters were then 
another 3-4 houTs Te T """"i™ 

30 transduction of th opera^^e DNTand , '^^ 
FS03 cells. The resul^nn^. '^combination in the 

2-a.ed Th:-:— rstr J- 

Phcsphonc acid per 'ml Tlu^:. Zr O^:'" ""^ 



95/04814 



PCT/US94/08846 



- 55 - 

The PFo2 bacteria contains 17 integrated copies of the 
Bacillus megaterium phosphaticum phosphate-decomposing 
genes. 

As indicated above, TLB containing the PFo2 strain was 
deposited with the American Type Culture Collection. 

EXAMPLE 5 

Construction of the Potassium Decomposing Bacteria 

of TLB 

The GNo2 N-fixer bacterium also requires potassium to 
sustain its metabolism. In order to address this requirement, a 
recombinant bacteria was produced that had the ability to 
solubilize (i.e. decompose) the potassium contained in 
potassium rock. The bacterium was constructed by 
transforming a Streptomyces jingyangensis isolate with DNA 
obtained from a natural isolate of Bacillus mucilagenosus var. 
Krassilnikov. The Bacillus isolate was obtained from a sample 
of weathered potassium rock. 

Bacillus mucilagenosus var. Krassilnikov is widely 
distributed in weathered potassium ore fines that are present 
around potassium mines. The bacterium can use a wide variety 
of organic substances as nutrients. The strain is 
chemoheterotrophic and facultatively anaerobic. At the end of 
its oxidative metabolic chain, the bacterium uses molecular 
oxygen as the electron acceptor, during metabolism, a thick 
slime layer is produced outside the cell wall, which is believed 
to contain the enzymes that decompose the potassium rock. The 
mechanism of decomposition is not yet clear. The G+C content 
of the cells is 52 mol % (Tm). 

A. Culturing of the Natural Potassium Decomposing 
Bacterium 

To isolate the bacterium, a sample of weathered 
potassium rock was pulverized to about 200 mesh, and added to 
a sterilized culture medium containing 10.0 g saccharose, 1.0 g 
ground weathered phosphate rock, 2.0 g diammonium phosphate, 
2.0 g MgSO4-7H20. 2.0 g Na2S04-1 OH2O, 1.0 g yeast extract 
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powder, ,.0 ml acivator. peM,fer"of soil solution. The culture 
med um was prepared wi.hou, activator and auloclaved ,TZ 
minutes. The activator and phosphate rock were added to ,h» 
medium after the medium had t«en cooled to 50- c 

The culture was grown for 6 hours at 2e.30- C I, , 
Ihen placed in ,he special EM radiation chamber and ,o 
under irradiation for 8 hours a. 29*," C. which r'auted in the" 
isolation of a potassium decomposing bacterium H. 
KF01. The isolation procedure was repeated Z» ',■ 
1 0 Had the effect o, increasing the PuriHle^ ^ , T 

:::'Lra'.:;^c."='°°'«^"'^"^=- - 1:: 

The strain was enriched for variants aripntoH » 
culture medium in tho f«ii« • """"^^^^ adapted to artificial 

' s mf 0, ::s rirr «a =r„edr=„t-- 

Na2SO4.,OH20, per liter o, soil soluton The ^re „ ^ ' 
was prepared without activator and autoCaved f 7™" eT 
0 The activator and phosphate rock were addew .„ .t 

after the medium had been cooled to 50» c """""^ 

^ Off an. .he culture gro^n ^notl:: Z7 ^^.-.TT 

zr.rjrr"''°" "-re 

1 n 1 '° shaped, 0 MS X 

The isolate used as the recipient of DNA from o •„ 
n^ucnsgenosas var. Krassilnikov was s,reo,„ ' 
;«py«.. The recipient baotenum wa^designrdTs*;:" 
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The Streptomyces jingyangensis. strain was conditioned 
by growth in a culture medium containing 10.0 g potato starch, 
2.0 g activator, 2.0 g KH2PO4, 2,0 g K2HPO4, 1.5 g MgSO4'7H20, 
1.5 g Na2S04-10H20, 0.01 g FeS04-7H20. The culture medium 
5 was prepared without activator and autoclaved for 30 minutes. 
The activator was added to the medium after the medium had 
been cooled to 60'' C. The culture medium was divided into four 
500 ml Erienmeyer flasks; the microbial inoculum was 30-50 
ml, and was added to the medium after the medium had cooled 

10 below 40"* C. The flasks were then exposed to the EM field 
specific to the FSo4 strain for 12 hours at 26±1° C. The EM 
field was then switched off and the culture continued for 72 
hours at the same temperature. The final FSo4 concentration, 
thus enriched, reached lO^-lolO cells/ml. The enriched 

15 culture was sealed and stored at Oil*" C. 

DNA of Bacillus mucilagenosus var. Krassilnikov that 
encoded the potassium decomposing enzymes of the bacteria 
were transferred to the FSo4 strain using a temperate 
bacteriophage lambda (Do2)- Temperate bacteriophage lambda 

20 (D02) was inoculated into a liquid culture of the KF0I strain 
and cultivated at 26±1^ C under EM field parameters suitable 
for the replication of the D02 phage's host cells. Growth was 
stopped when the concentration of D02 lysogenic bacteria 
reached 10© cells/ml. 

25 Approximately 500 ml of the culture was then placed in 

the incubation chamber of the EM irradiation apparatus. The EM 
field parameters were then readjusted to stimulate the 
replication of the D02 phage DNA in the host cells and their 
ultimate lysis. This cultivation continued for about 9 hours. 

30 After lysis, a large amount of modified D02 phage was present. 

The C02 phage were adapted to the PFqi host in the 
following manner. PF01 cells were cultured in 250 ml of 
medium containing (per liter) 10 g ground weathered phosphate 
rock, 1000 ml soil solution, 5.0 g saccharose. 15.0 g starch, 2.0 

35 g MgS04-7H2O, 2.0 g Na2S04-1 OH2O, 1.0 g activator. Prior to 
inoculation, all of the media ingredients, except for the 
activator, had been mixed, autoclaved for 30 minutes and then 
cooled to 70** C. Activator had then been added, and medium 
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ri"" Thrift ^"^-^y- 

flasks.. The llasks were shaken continuously lor 8 hours »i 
abou, 27» C A, ,he end o. ,he 8 hours, ,he Lks were Zed 
in an EM fpeld specific ,o .he PF s.rain and the culture was 
5 grown for another 6 hours. At the end of the e-hour nrowm 
penod, 20-30 ml of the phage culture and one gran, of acHvaC 
were added to each ,, ask. .The resulting mixtures were e 
Stand for 3 hours at about 270 C. 

1 0 n. H^' °^ ^"'""9 P^"°d' ^he flasks were 

10 placed ,n the EM field and grown for another 4 hours at whlh 
t.me almost all the PFoi cells: had been infected ry\he Co, 
phage. ^ ^ 

The EM field paranr.eters were changed and the culture 
was exposed briefly for 10-15 minutes. The EM eld 
15 parameters were then reset to the values initially employed 
The culture was grown under this condition until almost aM the 
PF01 cells had been lysed by the C02 phage. The rjLn 
culture was sealed and stored at 0±1^ C. ^ 
The D02 phage's ability to infect thP k-Pn^ • 
^0 en^nced in the ,o„ow,ng man^ner. kp:', TJZl rredT 

ac ror^^o « ' 8 V-t extract, , o ^ 

activator. 16.0 g corn starch. 2.0 g MgS04.7H2O 20 „ 

Na.SO4.1OH.0, 2.0 g diammonium phosphate. 8.0 g'^eat^aa' 
potassrum rock. Al, of the culture medium ingredients ex Ip' 

aL T' 30 minu et 

After coolmg to about 40« C, the mixture was divided tltu; 

KF„, L „ ' ^^i^^'o' and 50 ml of The 

KFoi culture were added. ^ 

30 25.lo''c' Aff'.hT "I"'"" continuously for four hours at 
25±1 C. After shakmg. the flasks were exposed to an EM flefd 

orZZTsTT'' (as indicated ab vl 

for another 3-5 hours at the end of which time the KFn i 

concentrat,on was 1o9/ml. At the conclusion of this step 2^ 
ml of the Do2 phage culture was added. ^' 

in th. J'r m"! "^'^ P^^"'^*^^^ ^eset and the culture grown 
•n this field for 22 hours, at the end of which time the 
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phages had infected KFqi cells. The EM field was then 
readjusted to new parameters and the culture grown in the new 
field for 10-15 hours, at the end of which time the KFqi cells 
had lysed and a large amount of phage had been released. The 
5 phage culture was sealed and stored at about -1° C. 

The recipient FSo4 bacterium was infected with the Do 2 
phage as follows. Approximately 50 ml of the FSo4 culture 
was inoculated into each of several 500 ml Erienmeyer flasks 
that contained 250 ml of medium containing (per liter): 10.0 g 

10 ground weathered potassium rock, 1000 ml soil solution, 1.0 g 
yeast extract powder. 5.0 g saccharose, 10 g corn starch, 2.0 g 
MgS04-7H2O, 2.0 g Na2S04-1 OH2O, 0.01 g FeS04! 2.0 g 
diammonium phosphate, 1.0 ml activator. The culture medium 
ingredients except for the activator were mixed well and 

1 5 autoclaved for 30 minutes. The sterile medium was then cooled 
to 40° C and the activator was added. 

The culture was grown at the temperature appropriate to 
the FSo4 strain for 3 hours. The culture was then transferred 
to the special cultivation chamber of the electroporator. At 

20 the required frequency and potential, the porator was cycled 
on-off three times; the intervals being not longer than 6 
seconds. During this operation, the temperature was held at 2- 
3" C. 

Immediately thereafter, 30 ml of the D02 phage culture 
25 was added to each flask followed by 1 ml activator. The 
temperature of the culture was allowed to rise slowly to about 
27" C over 3 hours. The flask cultures were then grown at that 
same temperature under an EM field of parameters specific to 
this operation, as indicated above. The action of the EM field 
30 was to suppress and kill undesired variants and permit the 
desired variants to survive. The EM field parameters were then 
again readjusted and the culture grown for another 4 I/2 hours. 
This last EM field stimulated the transduction of the operative 
gene DNA Into the FS04 cells and its integration into the FS04 
35 genome. The final culture (designated KF02) was sealed and 
stored at temperatures below 4° C. 

The recombinant potassium decomposing strain was found 
to possess a strong K-decomposing ability, representing an 
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.ncrease in K production from the 1.8 mg per ml of the KPn 
culture per day. to 28.8 mg per m, per day' for thT f^o Thes 
values were obtained in the laboratory field tests hit k 
that the K-decompose.s efficiency is e'en higher 

'he KFo2 bacteria contains 19 Integrated copies of tho 
Bacillus mucillagenosus van Krassllnlkov 

As mdicated above, TLB containing the KFoo ^u.-.r. 
deDo«iitPH w/ith A . '^'^02 strain was 

deposited with the American Type Culture Collection. 

in EXAMPLF R 

The yeast strain Saccharomyces diastatirn<, i^r . 
' 5 providing nu.rien ' ol L Ts" TZ'T' "" 

designated 'pxn/l''''™'"^'" *-'a„<:„. isolate was 
esignated PXoi. Approximately 300 g autoclaved wheat bran 

were added t! ^o^ L TjZV C • 

were combined and stirred well. 

The culture was grown for 9 hours at 35. c fh= 
_ subjected .0 60 minutes radiation in the EM «e,d m 
> parameters specific to this procedure ThI „ „• 

designated PX02 P'<":eaure. The resultmg yeast was 

an. 'Td 

rUt^^ ---- - „roItct?if 

Approximately io kg of autoclaved dry wheat bran w.c 
mixed with 50n n of »u . « ^ly wneai Dran was 

the PX02 yeatt'and add»t°'t ~"'ai™n9 
mixed wfl, TK- , ' ^' ° ^'X^l and 

the EM field sp,af,c to this procedure. Approximately 
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100 kg of dry wheat bran and additional water at 35° C was 
added and mixed in thoroughly. The mixture was then cultured 
for another nine hours at 35-37° C under semi-anaerobic 
conditions. A large amount of PXo2 yeast was thereby produced. 
5 The above-described cultivation was repeated using 

progressively greater amounts of wheat bran. The ratio of 
wheat bran containing the PXo2 yeast to the added bran was 
maintained at 5:100 during the repeated fermentation cycles. 
When the desired volume was attained, the bran was fermented 
.10 for 9 hours, after which it was dried at a temperature not 
higher than 45° C. The resulting wheat bran containing vitamin 
B complex thus obtained was used in TLB. 

EXAMPLE 7 
Production of Wheat Bran Containing 
1 5 High Energy Molecules Provided 

by an ATP-Producing Yeast Strain 

In order to enhance the production of ATP, a strain of 
Saccharomyces sinenses Yue (designated MXoi) was employed. 
Approximately 300 g of wheal bran was placed in a 2 liter 

20 beaker and autoclaved 30 minutes. Approximately 5-1 0 g of 
the ly^Xoi dry yeast and 500 ml sterilized water were added to 
the beaker and mixed well. The beaker was then covered with 6 
layers of dampened cloth and the culture grown for 9 hours at 
35-37° C under EM field of parameters suitable for this 

25 procedure. The resulting yeast was designated MXo2. The MXo2 
yeast was dried with the wheat bran at a temperature below 
45° C and stored. 

The MXo2 yeast was used to ferment wheat bran for about 
9 hours at 35-37° C. I^ore dry wheat bran was added to the 

30 MXo2 mixture and fermentation continued at the same 
temperature for another 60 minutes, which produced pyruvic 
acid by the following mechanism: 

C6H12O6 + 2NAD + 2Pi + 2ADP 
i 

35 2CH3COCOOH + 2NADG2 + 2ATP 

i 

CH3COCOOH + Pi CH3CO~Pi + CO2 + 2(H+) 
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CH3CO~Pi + ADP-^ATP + CH3COOH 

phosphate rock by the P-decomposer bacterium 

The resulting wheat bran containing enriched high enerav 
molecules thus obtained was used in TLB. 

EXAMPLF B 
Production of a TLB Microbial Fertilizer 

nnr« ^ ^'"f ""^^ ^'^P^'^^" "^'^^ ^^^""^er possessed a 

core, an intermediate layer, and a film layer. 

The core was composed of: 

(1) powdered rock phosphate - 65-70 parts by weinht 
Of powdered rock phosphate (containing 26% o 

iziz :::: ■ °' 

. fermentation bacteria 

the "^rV- ''™'"'^"°" produced by 

the Shanghai 12th Pharmaceutical Factory 

The we,ght ratio of fermentation bacteria to wheat' 

(3, bme n": 7e':;rpar"sl„'" '■'r""'^'- 

^ ^00^ parts by weight of bittern 

containing 50% Na2SO4.10H2O and 507 
Mg2S04-7H20). ^"'^ 

The intermediate layer was composed of: 

(1) powdered weathered coal or coal-waste - 65-70 
parts by weight of weathered coal or coal-waste 
(weathering degree over 80-/0. burning loss over 
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fermented wheat bran - 15-18 parts by weight of 
fermented wheat bran. The fermentation bacteria 
is pyruvic acid fermentation bacteria made by 
Beijing Brewery Factory, however, equivalent 
microbes may be employed. The weight ratio of 
fermentation bacteria to wheat bran was 1:10. The 
fermenting temperature was 30-37'' C. 
Fermentation was for 9-12 hours; and 

bittern - 0.5-1 part by weight of bittern 
(containing 50% Na2SO4-10H2O and 50% 
Mg2S04-7H20); 

chalk soil or lime - 1.5-2 parts by weight of chalk 
soil or lime. 

The film layer was composed of: 

15 (1) powdered talc - 2-3 parts* by weight of powdered 

talc 

(2) bone glue - 0.2-0.5 parts by weight of bone glue 

the ratio of talc powder + bone glue to water was between 1:7 
and 1:10 

20 The ratio of granule core to intermediate layer to outer 

film layer was (24-28):(72-76):2. The diameter of the core 
layer was 1.S-1.9 mm; the thickness of the intermediate layer 
was 0.7-0.9 mm. 

The granules were prepared using either of the following 
25 procedures: 

Procedure 1 

Step 1: Preparation of the core layer: 

Grind 67 kg of rock phosphate containing 30% 
phosphorus in a suitable grinder then pulverize in a 
30 suitable pulverizer until all the material can pass through 

a 200 mesh sieve. 
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(2) 



(3) 



(4) 
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Place 30 kg of wheat bran and 1 kg Vitamin B 
fermentation bacteria produced by the Shanghai I2th- 
Pharmaceutical Factory or equivalent in a suitable 
fermentation tank. Ferment the mixture at 32°C for in 
hours. Place the fermented mixture in a mixer and mix 
thoroughly with 30 kg of bittern, dry the homogenized 
mixture at 450C for 10 minutes, then pulverize the 
mixture in a suitable pulverizer until all the material can 
pass through a 100 mesh sieve. 

, '^'■^ ^^S^^h^-- the powdered rock phosphate 
fermented wheat bran, and powdered bittern then form 
mto granules of diameter averaging about 1.86 mm. 

Step 2: Preparation of the intermediate layer: 

1 5 850/ t'"""-^^ °' ^^^9^^^ °^ weathering 

85 /o. burning loss 42o/o). in a suitable grinder then 

pulverize in a suitable pulverizer until all the material 
can pass through a 200 mesh sieve 



25 



30 



ferm.n T . ^ ''^ °^ PV^^vIc acid 

fermentation bacteria made by the Beiiing Brewery 
Factory or equivalent in a suitable fermenting tan^ 
Ferment the mixture at 35''C for 10 hours. Dry it at 5o"c 

irsor'"' " °^ ^9 

Step 3: Granulation: 

Form 25 kg of the core material prepared in Step 1 
.n o granules in a suitable granulator. add 75 kg of 
intermediate layer material prepared in Step 2 to the 
granulation process, then form an outer film layer over 
the granule by spraying it with an aqueous solution of 2 

^nar^'M""' ^'"^ --t-^ and 

finally dry the resulting granules at <65°C for 10 

mmutes The result is a high-efficiency universal 
microbial fertilizer, in a granule diameter of about 3 5 

mm. "^'^ 
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Procedure 2 

Procedure 2 is conduced in the same manner as procedure 
1 except that the weathered coal in the intermediate layer was 
replaced with coal-mine waste and the chalk soil was replaced 
5 with lime, resulting in a granule diameter of about 3.4 mm. 

After analysis by appropriate institutions, such as the 
Beijing Forestry University, the Beijing University, the Beijing 
Norma! University, the Beijing Agriculture University and the 
China Forestry Academy, the nitrogen-fixing capability of the 
10 Intermediate layer of the fertilizers produced in both 
Procedures 1 and 2 was 100 [imol/g (at 8 days), and the 
nitrogen-fixing capability of the intermediate layer was 100 
^imol/g. 

The above-described high-efficiency universal microbial 
15 fertilizer was tested in field experiments with tobacco, 
grapes, apples, wheat, late rice; and corn. All crops obtained 
high yields. Thus, the advantages of TLB include (1) it uses raw 
materials that are abundant, (2) the manufacturing process is 
simple, (3) the fertilizer increased yields of all kinds of 
20 plants, and (4) the fertilizer is avirulent, non-toxic and non- 
polluting. 

EXAMPLE 9 
Production of a TLB Microbial Fertilizer 

A high-efficiency, sustained-release microbial fertilizer 
25 was manufactured that employed bacteria to fix nitrogen (N2) 
and decompose immobilized phosphorous, potassium and organic 
compounds, thereby supplying nitrogen, phosphorous, potassium 
and other nutrients required by plants. The bacteria used in the 
process were engineered by recombinant DNA procedures. The 
30 donor of the nitrogen-fixing DNA segment yNas Alcaligenes 
faecalis; the donor of the phosphorus-decomposer DNA was 
Bacilllus megaterium phosphaticum; the donor of the 
potassium-decomposer DNA was Bascillus mucilagenosus var. 
Krassllnikov; and that of the coal-decomposer was Polyangium 
35 cellulosum. The recipient organism for all four donated DNA 
segments was Streptomyces jingyangensis. These four 
engineered microorganisms establish a symbiotic relationship 
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wherein the nilrogen-lixer" supplies nitrnn.„ 
nu.,ien. by the other Ihree, which n '.urn '"""T 
phosphorus, polassium and carbohvd,= " ■ '"^ 
ni.rogen-«xe, and themselves. No one rthesr'""' '"^ 
5 by itself, conduct the desired level o r.,?;""' 
outside the symbiotic community ' 

method ' -"'"'"S '» '"o .ollowing 

- o, .rea^than ^Tptr, HTmr" ' ^"-^"^ 

pbosphrL:~r:' p~::Vtr; r 

potassium-decomposar bacteria per grarl, " 
5 a,en,'Xared 'rr^r l:^'^ 

roCr^uritmr'^ 

D greater than 500»C until thJ > temperature not 

; tn inn "'"poser bacteria per gram at a ratio of I9n 

to 300 grams bacterial agent to 100 kilograms of thl h 
carbonace materia, and mix and stir homog~ '"^ 

decompotr bacterS: Z' ^^-P"-- 
the carbonaceourmatelr r 

and oarbo„ro:porcrri:rorr; t"- 

weight and stir homogeneously ' ^'^ 

.be wfr cLenT it' :::T:zrrzT 

microbial fertilizer in powder frtm w icH a"n%ri 
packaged as such or made into granules t1 T , , 
prepared after the conclusion of sTep e Kv ^ '°™ 
-liameter 1 to 5 mitllmaters and d^„„ Z 1"?^ °' 
than 100°C. ^ temperature less 
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The fertilizer was manufactured as indicated in 
Procedure A or Procedure B. 

Procedure A 



Step 1. Grind 100 kilograms rock phosphate with a 
phosphorus content greater than 25 percent (as P2O5) to grain 
size 80 mesh. 

Step 2. Add 800 grams of bacterial agent containing 3 
billion phosphorus-decomposer bacteria per gram and 3 billion 
potassium-decomposer bacteria per gram to the 100 kilograms 
of ground rock phosphate powder from Step 1 and mix and stir 
homogeneously. 

Step 3. Dry 350 kilograms weathered coal or coal-mine 
waste containing 25 percent carbon at a temperature of 400*'C 
until the water content is 10 percent. 

Step 4. Grind the carbonaceous matter from Step 3 to 80 

mesh. 

Step 5. Add 1000 grams of bacterial agent containing 4 
billion nitrogen-fixer bacteria per gram and mix and stir 
homogeneously. 

Step 6. Combine the rock phosphate mixture prepared 
under Step 2 with the carbonaceous matter-nitrogen-fixer 
bacteria mixture from Step 5 in a ratio of 1 to 3 by weight and 
stir homogeneously. Dry at a temperature of 100°C until the 
water contents is 10%. The result is microbial fertilizer in 
powder form. 



Procedure B 



Step 1. Grind 100 kilograms rock phosphate with a 
phosphorus content greater than 25 percent (as P2O5) to grain 
size 80 mesh. 

Step 2. Add 500 grams of bacterial agent containing 2 
billion phosphorus-decomposer bacteria per gram and 2 billion 
potassium-decomposer bacteria per gram to the 100 kilograms 
of ground rock phosphate powder from Step 1 and mix and stir 
homogeneously. 
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•^0 n/*'''/" k'' '^^^^ ^oi' containinq 

30 percent carbon at a temperature of 450»C until the wa "r 
content is 11 percent. ^^^^ 

5 mesh.^''" carbonaceous matter from Step 3 to 80 

bi.n. ^' ^'^"'^ °^ ^9«n» containing 5 

b.lhon n.trogen-f.xer bacteria - per gram and 5 billion carbon 

decomposer bacteria per gram and mix ar,d stir homogeneousT" 
Step 6. Combine the rock phosphate mixture prepared 
10 under Step 2 with the carbonaceous matter-nitrog nTe^ 
bacena mixture from Step 5 in a ratio of 1 to 2 by weight and 
stir homogeneously. ^ 

Step 7. Place resulting mixture in a granufe-makinn 
mach.ne and form into granules of 2 millimeters 'dfamlr ^ 
Step 8. Dry at a temperature of BS^C until the w«t«r 



20 



25 



30 



35 



The resulting biological fertilizer produced b« 
Procedure A or Procedure B was avirulenl non-,oxic and 
acting. One application has been generally'toundTme ^ 

ZTr''' '"""•"^ The 

oonduld H r «P«™ents which were 

conducted by the Plant Research Institute the Frnli t 
Resea^h institute, the Tobacco Research Lt u.e 'chir 
and the Academy ol Agriculture Science the r1 
Agncultural College. A.I crops tested (whla pad y rioe 
or yegetable crops) have shown manifest increases in y^d; t 
addition, the product has other advantages such « T J 
savings ti.e saving and long-tenn .artilLTg eS " 
After testing of the fertilizer bv the R*.nm« n • 
.he Quinghua University, the Beijing' ^Lt'ZeX'le 
Be,,ng Agriculture University, the Beijing ForesrSers^ 
and the Chinese Academy of Forest Science, it was found S 
.«s nrtrogen-fixing activity of the eighfh day was eoua, o 
greater to 100 Mmol/gram (determined by the ace Ine 
reduction method, discussed below). acetylene 
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EXAMPLE 10 
Method of Detecting and Measuring 
Biological Nitrogen Fixation 

One aspect of the present invention concerns a method of 
5 detecting and measuring biological nitrogen fixation which is 
particularly useful in conducting research on biological 
nitrogen fixation, identification of nitrogen-fixing 
microorganisms, and determination of the value of nitrogen- 
fixing agents and microbial fertilizers. 

10 Much research Is being devoted to biological nitrogen 

fixation and it ranks high among the major research areas given 
prominence in the developed countries. Research in this area 
requires a means of identifying microorganisms and plants 
with nitrogen-fixing capability, mapping of nitrogen-fixing 

15 DNA, classifying the functions of nitrifier bacteria, 
quantitatively determining the nitrogen-fixing efficiency of 
various nitrogen-fixers, and determining the nitrogen-fixing 
efficiency of microbial fertilizers. These activities require a 
method with high sensitivity, accuracy and reliability. 

20 Several methods have been developed to assay for reduced 

nitrogen. The earliest technique for measuring nitrogen 
reduction was the Kjeldahl method, which is accurate and 
reliable, but has such low sensitivity that it cannot detect the 
small values involved in biological nitrogen fixation. The 

25 nitrogen isotope, "^^N has also been used to measure nitrogen 
reduction. . Although the method is about 1000 times more 
sensitive than the Kjeldahl method, it is still not satisfactory 
because it requires salts containing i^N and other chemicals 
which are expensive and also requires the use of isotopic mass 

30 spectrography. 

More recently, an acetylene-reduction method was 
developed, which is as much as 1,000 times more sensitive 
than the ^^N method, i.e. as much as 10^ times more sensitive 
than the Kjeldahl method. The technique measures the 

35 reduction of acetylene to ethylene, and is based on the premise 
that the nitrogen-fixation enzyme of a microorganism which 
converts: 
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N = N ^ 2NH3 

is also be able to reduce the triple bond (i.e.. C h c bond) of 
acetylene to form ethylene: 

C = C CH2 = CH2 

5 This technique has enabled scientists, to identify more than 400 
speces of nitrogen-fixing microorganisms in over 70 genera 
Because this method does not detect nitrogen directly but 

method has been considered suitable only for qualitLtve 
1 0 analyses and not for quantitative determinations ''"'"^"^^ 
One aspect of the present invention is thus an extension 
Of he acetylene reduction assay so as to provide a quant ta ve 
method of analyzing nitrogen fixation. ,n accordance 
method, a nitrogen fixation sample is placed in a chamber (such 
15 as a culture flask) of appropriate capacity, and an appro^ 
amount of carbohydrate of less than 10 carbons is add d with 
stenle water. The chamber is sealed, as with a rubber stopper 
and the culture Is maintained for a certain time at Tn 

^ appropriate temperate. The mixed gas evolved fL The c Iture 
20 - e,, ^^^^^^^^ culture 

oh omatography. The method provided the foHowing 
adva,,,ge3^ (1) high sensitivity, accuracy and reliability in 
detemmmg quantitative levels of nitrogen fixation (2) 
25 Z2 ''''' high'visualizalon- (^3 

aTo aTantit"? '"^'"'"^^ "^'^"^^ nitrogen-fixation u 

bacte.a. free-hvmg nitrogen-fixer bacteria, and related 
bactenal agents and fertilizer made from them 

30 different' carbon" °' "«'n9 " 

ainerent carbon sources as described in the followlnn 

lest sample (pure mtrogen-fixer microorganisms, a susper,sion 
of mtrogen-fixer microbes, nitrogen-fixing bacterial agents or 
products) was placed into a culture Bask cf suitable ca acitv 

rddeTt:*; t°""' -uure mS 

was added. The flask was sealed wKh a rubber stopper. Air 
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was evacuated, and the flask was filled with a standard gas 
mixture containing 20% O2 and 80% N2, (ambient air may 
alternatively be used directly without the vacuum-pumping 
step) until the pressure in the bottle was one atmosphere. The 
5 prepared culture flask was maintained at an appropriate 
temperature (normally 10-40" C) and cultured for a time 
appropriate to the requirements of the nitrogen-fixer microbes 
and products being tested. The sample was evaluated using a 
standard sampler to determine the change in N2 percentage. 
1 0 This change was used to calculate the decrease of N2, and from 
that value, the quantity of nitrogen fixed per gram of nitrogen- 
fixer microorganisms and/or products was detrermlned. 

Procedure 1: Determination of nitrogen fixation capacity of 
1 5 TLB using cane sugar as the carbon source 

1. An amount of TLB microbial fertilizer was ground to 
60 mesh or finer. 

2. Approximately 0.5-1.0 g TLB was placed in a 100 ml 
culture flask, 0.25-1.0 gram of cane sugar was 

20 added, and the flask was filled with 2-10 ml sterile 

water, and sealed with a rubber stopper. 

3. The air was evacuated from the flask prepared in 
step 2. The flask was then filled with a gas 
mixture containing 20% O2 and 80% N2 until the 

2^ pressure in the flask reached one atmosphere (the 

volume of gas was about 90-98 ml). The gas 
mixture of the sample was immediately sampled 
using a standard sampler, and was tested by gas • 
chromatography. The amount of N2 in the flask was 

30 calculated, and designated as "Vi." After culturing 

the flask for 2-10 days at 28° C+1» C, the gas 
mixture was again sampled, tested by gas 
chromatography, and the amount of N2 in the flask 
was calculated, and designated as "V2." 

35 4. An uninoculated control was processed as in step 3, 

and the amount of N2 present in the flask at the 
start of the test was determined and designated as 
" M 1 ." The amount of N2 in the flask at the 
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conclusion of the e^eriment was also determined 
. and was designated M2. Generally, the difference 
between Mi and M2 was very small, about 1-2% 
5. The decrease in N2 amount was calculated using the 
following formula. The actual amount of nitrogen 
f.xed after subtracting the blank natural decrease 
was designated Vm. «^'ease, 

Vm = rVi - V2- (Ml - M2)]/ 0.5 - 1 .0 g 

10 H f ^ ^^"^"'^^'on. one gram of TLB fertilizer was found to 
10 have f,xed over 100 mg of nitrogen. Thus, over 560 mq If 
n.trogen were fixed per gram of sugar consumed. ' 

Procedure 2: Determination of Nitrogen fixation capacity of 
rh.zospher n.trifying hacteria using glucose as the' clon 

^5 1. Approximately 0.1-1 g of nitrifying bacteria 

complex from plant rhizospere was placed in a 
culture flask of 20 ml capacity. 0.I-I.0 gram of 
glucose was added, and the flask was filled with 2- 
20 stopper. ' ^"^ber 

Iteo T ";V7"f ^ the flask prepared in 
step 1. The flask, was then filled with a aas 
m.xture containing 20% O2 and 80% N2 until the 

iToTrt!;'""'"^^'^'^"^^*-^^'^-- io- 

100 m of the gas mixture of the sample was 

Z't "t?K"""'' """^ " ^^^"'^^^^ ^-'"P'er. and . 
was tested by gas chromatography. The amount of 

N2 m the flask was calculated, and designated as 

15-40'> C. 10-100 m of the gas mixture was again 
sampled, tested by gas chromatography, and the 
amount of in the flask was calculated, and 

designated as "V2." 

35 ^' ^rH"tT°'"'^*''' P^^-^^^^^d in step 2 

and the amount of present in the flask at the 

start of the test was determined and designated as 
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" M 1 The amount of N2 in the flask at the 
conclusion of the experiment was also determined, 
.and was designated M2- 
4. The decrease in N2 amount was calculated using the 
5 following formula. The actual amount of nitrogen 

fixed, after subtracting the blank natural decrease, 
was designated Vm- 

Vm = [V1 - V2 - (Ml - M2)] / 0.1 - 1 .0 g 

The amount of nitrogen produced was substantially less 
1 0 than that obtained using TLB. 

EXAMPLE 11 
Production of a TLB Microbial Fertilizer 

TLB fertilizer was prepared using an alternative 
procedure. The formulation used the above-described microbial 
1 5 strains, and was characterized as having: 

a. a granular core manufactured by grinding rock 
phosphate to 200 mesh; fermenting wheat bran with Vitamin B 
fermentation bacteria (weight ration = 10:1) at 28-37''C for 9- 
12 hours; drying mixture of fermented wheat bran and bittern 

20 as 45*'C; forming the dried mixture into granules of diameter = 
1.8-1.9 mm; 

b. an intermediate layer manufactured by grinding 
weathered coal or coal-mine waste to 200 mesh; fermenting 
wheat bran with pyruvic-acid fermentation bacteria (weight 

25 ratio = 10:1) at 30-37°C for 9-12 hours; drying a mixture of 
fermented wheat bran, bittern and chalk soil or lime at less, 
than SO^'C; forming the resulting mixture into a layer 0.7-0.9 
mm thick around the granular core produced above; and 

c. an outer film layer manufactured by spraying an 
30 aqueous solution of bone glue and powdered talc on the surface 

of the intermediate layer. 

The fertilizer was manufactured as follows: 

Step 1. Grinding rock phosphate containing nutrient 
compounds into fine powder, mixing it with fermented wheat 
35 bran, bittern (composed mostly of sodium sulfate and 
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S ana ,0™., „ ..o . .,e. .e^^^r^/r ^^^^^^^^ 

step 3. Spraying and coating the granule fornied „i,h an 
aqueous solution of powdered talo and bone glue to form a fl 
layer which creates a granule „i„ 3 three-layer "uCu e 
The purpose of incorporating roc!< phosohatB i„ .L 
1 0 was to facilitate the .iologli, deCS- Zl lZ 

rock and to prevent the phosphorus from being fixed bv Z^ 
w,th metal cations in the ambient soil The puroo. ? ? 
intermediate layer was to facilitate the flatio7 7 itr'r 
The mam purpose of sodium sulfate and magnesium suite in 
15 the core layer and the intermediate layer isTo ll 
bacterial metabolism and photosynthesis in p ants 
purposes of the outer film layer are to iJl T 
oxygen Into the granule and orot! °^ 
microorganisms from damage bv nv "'^'■°9en-f,xlng 
^0 structural IntegHty of the^TnT la rsTu:t:reV; T 
a closed metabolic environment. '° ""'^^^^ 

The specific steps for producing the fertillrar = 
follows (proportions are by weight): 



25 



30 



Core 



r r :.r..r jri — • 

Shanghai 12,h Phannaceutical Factory or equTva^nt 
weight ratio of femientatlon bacteria to wheat b,Jn is 
Fe™e„«ng ,e.p is as-sr-C. Time 9 X'h rs" ' 

Bittern: 28-32 parts containing 14-I6 oart.. h., • u 
sodium sulfate 10-hydrate and 14- 6 parts h 
magnesium sulfate 7-hydrate. ^ ^^'9^* 
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Intermediate Layer 

Powdered weathered coal or coal-mine waste ground to * 
200 mesh, 65-70 parts. Degree of weathering over 80%, 
burning loss over 35%. 
5 Fermented wheat bran: 15-18 parts. The fermenting 

agent is pyruvic acid fermentation bacteria made by the Beijing 
Brewery Factory or equivalent, weight ratio of bacteria to 
wheat bran 1:10, fermentation temperature 30-37^^0, time 9-12 
hours. 

1 0 Bittern: 0.5-1 part containing one-half sodium sulfate 

10-hydrate and one-half magnesium sulfate 7-hydrate. 
Chalk soil (or lime) 1.5-2 parts. 

Film Layer 

Powered talc: 2-3 parts; Bone glue 0.2-0.5 parts; ratio 
15 talc powder + bone glue to water = 1:(7-10). 

Ratio of granule core to intermediate layer to outer film 
layer = (24-28) : (72-76) : 2. Diameter of the core layer = 1.8 - 
1.9 mm, thickness of intermediate layer = 0.7-0.9 mm. 

The following procedures describe two methods of 
20 preparing the invention without, however, limiting other 
methods. 

Procedure 1 

Preparation of the core layer: 

Grind 67 kg of rock phosphate containing 30% phosphorus 

25 in a suitable grinder, the pulverize in a suitable pulverizer 
until all the material can pass through a 200 mesh sieve. 

Place 30 kg of wheat bran and 1 kg Vitamin B 
fermentation bacteria produced by the Shanghai 12th 
Pharmaceutical Factory or equivalent in a suitable 

30 fermentation tank. Ferment the mixture at 32*^0 for 10 hours. 
Place the fermented mixture in a mixer and mix thoroughly 
with 30 kg of bittern, dry the homogenized mixture at 45''C for 
10 minutes then pulverize the mixture in a suitable pulverizer 
until all the material can pass through a 100 mesh sieve. 

^5 Mix together the powered rock phosphate, fermented 

wheat bran and powdered bittern then form into granules of 
diameter about 1.86 mm. 
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Preparation of the intermediate layer: 

Grind 67 kg of weathered coal (degree of weathering 85% 
burnmg loss 42%), in a suitable grinder, then pulverize in a 

Place 16 kg of wheat bran and 1.6 kg of pyruvic acid 
fern..nta«on bacteria made by the Beijing Brewery' Fac ory'r 

;"l0 ~ '^ermeoMhe Zure 

at 35 C for 10 hours. Dry at 50«>C for 10 minutes and mix it 
0 w,th 0.5 kg of bittem and 1.5 kg of chalk soil. 

Granulation: 

Fomi 25 kg of the prepared core material into granules in 
a su.table granulator. add 75 kg of intermediate layer m eri 

15 h. '''''''' ^^^-^ - film lay" ove 

1 2 k? T'""' ' "'^^ ^" -'"t-n consisting 

of 2 kg powdered talc, 0.3 kg bone glue and 21 kg water and 
fnally dry the resulting granules at <65oc for 10 JnuTs The 
resul .s a high-efficiency universal microbial fer H .e " in a 
granule diameter of about 3.5 mm. 

20 Procedure 9 

All conditions are the same as in Procedure 1 except that 

coa-mme waste, and chalk soil is replaced with lime 
resulting in a granule diameter of about 3 4 mm 

Bei,nr^:er t ivetr^^^^^^^^^ ^ . - 

Normal unlverslt. the Bering Agriiulral"'r„ti ran'^'Z 
China Forestry Academy, the nitrogen-nxing capabiHty of the 
core ,„ Procedures 1 and 2 was found to be 100 lol m 
«ays) and the nItrogen-fixing capability of the inteTediate 
layer is 100 ^mol/g. inrermeaiate 

universal m!lK'?T",' "'^ Wgh-efficiency 

universal microbial fertilizer described above In field 

expenmen^ with tobacco, grapes, apples and wheat; Hu 2 u 
City. Ze Jiang Province, used it with late rice- the Lo Pi„„ 
Agriculture, Industrial and Commercial Company p, Belf 
used it with corn. All obtained high yields. ' ° 
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Thus, the result of either Procedure was a high- 
efficiency universal microbial fertilizer which was avirulent, 
non-toxic, non-polluting and which could increase yields of 
grains, vegetables and fruits. 

5 

While the invention has been described in connection with 
specific embodiments thereof, it will be understood that it is 
capable of further modifications and this application is 
intended to cover any variations, uses, or adaptations of the 

1 0 invention following, in general, the principles of the invention 
and including such departures from the present disclosure as 
come within known or customary practice within the art to 
which the invention pertains and as nnay be applied to the 
essential features hereinbefore set forth and as follows in the 

1 5 scope of the appended claims. 
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WHAT l.q ni AlMFn |o. - 

1. A microbial fertilizer that comprises: 
(a) nitrogen fixing bacterium; 
5 (b) carbon-waste decomposing bacterium; 

(c) phosphate rock decomposing bacterium; and 

(d) rock potassium decomposing bacterium- 

Wherein said bacteria produce phosphate, potassium and 

1 0 TZr^'-' ""'"^^ " ~ ^^^^ grol 

LJ^adrnX r^; " -'-^^ 

(e) a growth factor producing yeast; and 

(f) an energy producing yeast. 

3. The microbial fertilizer of claim 2. wherein sain 
fertilizer comprises a granule that comprises- 

(A) a central rock phosphate core wherein 
additionally contains said phosphate roplT 
bacterium (c); P^^osphate rock decomposing 

(B) an intermediate laver rnmnnc^jr.^ 

rddra.:" — ^^^^^ 

add,t,onaliy contains said nitrogen fixing bacterium (at said 
carbon-waste decomposing bacterium (b) said roc^ noii' 
decomposing bacterium (d). said energy ^'tstlT'^H 
sa,d growth factor producing yeast (f); and ' ^ '"^ 

(C) an outer film comprising bone glue and powdered talc. 



20 
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4- The microbial fertilizer of claim 1 wherein 
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6. The microbial fertilizer of claim 1, wherein said 
phosphate rock decomposing bacterium (c) is a Streptomyces 
jingyangensis of ATCC 55597 that decomposes phosphate rock, 

5 and that contains DNA from Bacillus megaterium phosphaticum. 

7. The microbial fertilizer of claim 1. wherein said rock 
potassium decomposing bacterium (d) is a Streptomyces 
jingyangensis of ATCC 55597 that decomposes rock potassium. 

1 0 and that contains DNA from Bacillus mucilagenosus var. 
Krassilnikov. 

8. The microbial fertilizer of claim 2. wherein said growth 
factor producing yeast (e) is Saccharomyces diastaticus of 

1 5 ATCC 55597. 

9. The microbial fertilizer of claim 2, wherein said energy . 
producing yeast (f) is Saccharomyces sinenses Yue of ATCC 
55597. 

20 

10. The microbial fertilizer of claim 2 that is ATCC 55597. 

11. The Streptomyces jingyangensis bacterium of ATCC 
55597 that fixes nitrogen, and that contains DNA of 

25 Alcaligenes faecalis . 

12. The Streptomyces jingyangensis bacterium of ATCC 
55597 that decomposes carbon-waste, and that contains DNA 
from Polyangium cellulosum. 

30 

13. The Streptomyces jingyangensis bacterium of ATCC 
55597 that decomposes phosphate rock, and that contains DNA 
from Bacillus megaterium phosphaticum. 

35 14. The Streptomyces jingyangensis bacterium of ATCC 
55597 that decomposes rock potassium, and that contains DNA 
from Bacillus mucilagenosus var. Krassilnikov, 
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17. The microbial fertilizer of claim 3. wherein snld . , 
rock Phosphate core is manufactured by the steps 

(1) gnnding rock phosphate to about 200 mesh- 

(2) combining said ground rock phosphate with' wheat brn„ 
fermented by said growth factor producing yeast L „ . 
rock Phosphate decomposing ba'cerium m a mr2e":^ 

:rci„ryra:r"a:d^''-d"™^"*" 

15 bacterium: "'"^"'^'^ decomposing 

(3) drying said mixture of step (2) and formin« • 
mixture into granules; ^"^'^ 

and Wherein said inte;mediate layer is manufactured the steps- 
(1 ) grindmg weathered coal nr • ^ 

20 200 mesh: coal-mine waste to about 

(2') combining said ground weathered coal nr r^r. . 

decomposing baotldum Id "f'^""'"' carbon-waste 
25 bacterium I ToT^ ZuT oT '^^ — P-'n9 

and said potassium rock decomposing bacterium; ' 
(3) drying said mixture of <5tf*n /on ^ r 
30 dried mixture into a layer around^L^ Ll's Tst 

-aoe o, th-ettelr C fHedTr oT 
35 18. The microbial fertilizer of claim 17. wherein- 

oontains'oNA o, X^lT-t 
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(ii) said carbon-waste decomposing bacterium is a 
Streptomyces jingyangensis of ATCC 55597 that decomposes 
carbon-waste, and that contains DNA from Polyangium 
cellulosum] 

5 (iii) said phosphate rock decomposing, bacterium (c) is a 

Streptomyces jingyangensis of ATCC 55597 that decomposes 
phosphate rock, and that contains DNA from Bacillus 
megaterium phosphaticum; and 

(iv) said rock potassium decomposing bacterium (d) is a 
1 0 Streptomyces jingyangensis of ATCC 55597 that decomposes 
rock potassium, and that contains DNA from Bacillus 
mucilagenosus var. Krassilnikov. 

19. The microbial fertilizer of claim 18, wherein said growth 
1 5 factor producing yeast is Saccharomyces diastaticus of ATCC 

55597, and wherein said energy producing yeast is 
Saccharomyces sinenses Yue of ATCC 55597. 

20. A method of augmenting crop yield of a growing crop 
20 selected from the group consisting of cereal crops, fruit crops, 

vegetable crops, and grass crops, which comprises providing 
the microbial fertilizer of claim 3 to soil that contains said 
growing crop. 
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